IHapovcuaces ywo To MaOnuao

Acvppotov Kot Kivntov Tniemkotvoviav
T0v AMIIX o610 EKITA

Ap. Xapne M. XtelhaKng
hstellakis@gmail.com

AOva, 2024

1 Ap. Xapng M. ZteAAGKNG



(i Amaitnoeis pobijuarog

N

i
=
53

“* Avo owdokovteg (X. XteAldkng, X. IHookaing)

» I'pantéc eetdoseig
— Of{noto Kol a0 Tovg 0V0 010 CKOVTES
—  XVVOMKOG BaOpog >= 3,5

< Opooikn epyocio
— Opaoeg tTov 2-3 atopmv

— Ta 0épata TpoTeivovtol 00 TOVS OL0AGKOVTES KUL TU EMTAEYOLV 01
onaoes, pacel cuvonTIKNG TPOTAUONS OV VITOPAALOVY

— Koat’ e€aipeon, évo 0épa propel va wpotadel oo tTnv opada, aird
0o Tpémer vo cop@ovnsl Tp@Ta pE To XUVTOVIGTH ALOGGKOVTU,

— IMapaootéa epyoaociog: H epyaocia, mapovosiaon amd 6rovg (20°),
apyEL0 TAPOVGIAOTG
% XuvoMKog Baduog >= 6,0
— M.O. yparT@V Kol EPpYaciag

2 Ap. Xapng M. ZteAAAKNG



Yy uaOnuaroc — @aon 1

L0

L)

<&

<&

Ewcaymyikég £vvoleg 6TIC 0GVPUUTES EMIKOIVOVIES

A130061 0.GVPRATOV GINATOS

—  @®awvopevo tov T iémovv, Movteromoinon diddoong, Kardotaon multipath, Xratictikég fading, Avaivon weolvyiov
CevEng (Link Budget), [Tapaderypa o cvotnuo WCDMA

Aocvpupotn petaooon

—  Teyvikég aocOppatng perddoong (Sropdpemon, wocstdaduion, Diversity, kmdikomoinon kavaiiov), Asikteg amodoong
g owapopemong, lapadeiypata

AcVPLOTO HIKTVO KOWYEAOELOOVS UPYLTEKTOVIKIG
—  XKOmMPOTNTO KVYEAOELODV GUOTNRATOV, TEPLYpaP], Eravaypnopomoinen coyvotnrag, Eykvpomta peyédovg
Baoucnc koyéing, Hapepforéic ko yopntikotnTa, Mnyavicpoi handoff, Eeappoyn mng 0cowpios ovpdv 6ta acvppata
oiktva, Teyvikég fertioTomoinong Tng amodoong Evog O1kTVOV, Ala6TAGLOAOY 61 dkTVOV, [Tlapadeiypata.

Teyvoroyiec molrhaming TpocPaonc
—  FDMA, TDMA, CDMA, SDMA), Zvotipata 21ng Kol ETOpEvNS yevedc.

To npotvmro GSM

—  Ewoayoywkad otoyyeio, Baowkéc oyeoraotikég apyés, Yanpeoiec, Apyrekrovikiy, lleprypagr] tov otoyeiov diktvov, H
paodro-otema], [Ipmtokoria, Dvoikd Kol LOYIKA KOVAAQ, AL0OIKOGIES ONNUATO006I0C KOl TAPAELY LA OTY
onuovpyia véag 6ovoeons, MeTamo16n cuyvoTTOV

Yvotiuota CDMA

— Baowoi dgikteg amddoong diktvov, EEdrimen (spreading) eijpatog, Képdog eEamrhmong, Mnyaviepdég handoff, Macro / micro diversity,
YratioTikég handoff, Xtoyygio kaval®dv kol opadoroinen (pooling), Kvpiapyog eEvnnpetntis, EAeyyog woybog, Kdioyn ocvetipatog,
Merafintotyra peyédovg kKoywéing, Xopntikétnto diktvov, @opTog diktvov, ETavaypnoipomroinon cvyvétntos, Anddoon S1KTOOL,
E&weopponnon anédoong, [Hapadsiyparo.
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PART I

Introduction to

Wireless Communications

4 Ap. Xapng M. ZteAAGKNG



i
.

(R
P
R ./-.;, -

@ Whatis Wireless?

Wireless operations permits services, such as long range communications, that are
either:

» 1mpossible or

« 1mpractical or

*» Less time efficient or
** More costly

to implement with the use of wires.

The term “wireless” is commonly used in the telecommunications industry to refer to
telecommunications systems (e.g. radio transmitters and receivers, remote
controls, computer networks, network terminals, etc.) which use some form of
energy (e.g. radio frequency, infrared light, laser light, visible light, acoustic
energy, etc.) to transfer information without the use of wires. Information is
transferred in this manner over both short and long distances.
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¢. Spectrum allocation at Cellular band
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Wireless Technologies Timeline

Tahle 1.1 A simple timeline in Wireless Technologies evolution
(this is not to be considered an “all inclusive” timeline)

Table 1.1 (continwed)

1396

1948

1950

19505

19505

1 9e0is

1964

1968

19705

Gugliclmo Marconi develops the Arst wireless
telegraph system

First commercial radictelephone service operated
between Britain and the US

First car-based mobile telephone set up in 56 Louis,
using “push-to-talk’ technology

Clande Shannon publishes two benchmark papers on
[nformation Theory. containing the basis for data
compression (source encoding ) and emror detection
and comection {channel encoding)

TD-2, the first temestnial microwave
telecommunication system, installed o support
2400 telephone circuits

Late in the decade, several “push-to-talk’ mobile
systems established in big cities for CB-radio. taxis,
police, etc.

Late in the decade, the first paging access control
cquipment (PACE) paging svstems established

Early in the decade, the Improved Mobile Telephone
System (IMTE) developed with simultanesous
transmit and receive, more channels, and greater
power

The first communication satellite. Telstar, launched
into orbit
The International Telecommunications Satellite

Consortium (INTELSAT) established, and in 1965
launches the Early Bird geostationary satellite

Diefense Advanced Research Projects Agency — US
(DARPA) selected BEN to develop the Advanced
Research Projects Agency Metwork (ARPANET).
the father of the modern Intermet

Packet switching emerges a5 an efficient means of data
communications, with the X 25 standard emerging
late in the decade

1977

1983

1940

1942

1943

1994 -5

1998

19%s

L
20001

The Advanced Mobile Phone System (AMPS]L
invented by Bell Labs, first installed in the US with
geographic regions divided into ‘cells’ {i.e. cellular
telephone)

January 1, TCP/IP selected as the official protocol for
the ARPAMET, leading to rapid growth

Motorola Ales FCC application for permission to
launch 77 {revised down to &6) low earth orbit
communication satellites, known as the Indium
System (element 77 is Indium)

One-millionth host connected to the Internet, with the
size now approximately doubling every year

Internet Protocol version 4 (TPv4 ) established for

reliable transmission over the Internet in conjunction
with the Transport Control Prodoco] {TCP)

FCC licenses the Personal Communication Services
(PCE) spectrum (1.7 to 2.3 GHz) for $7.7 billion

Ericsson. IBM. Intel, Mokia, and Toshiba announce
they will join to develop Bluetooth for wireless data
gxchange between handheld computers or cellular
phones and stationary computers

Late in the decade, Yirtual Private NMetworks (WVPMNs)
based om the Layer 2 Tunneling Protocol (L2TE)
and IPSEC security technigues become available

E02.11{b}based networks are in popular demand

Wired Equivalent Privacy (WEP) Secunty is broken.
The search for greater security for 8021 1({x }-based
networks increases
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Base Station (BS) A fixed station in a mobile radio system used for radio
communication with mobile stations. Base stations are located
at the center or on the edge of a coverage region and consist of
radio channels and transmitter and receiver antennas mounted
on a tower

(g
P
v -

Typical System Definitions

Mobile Station (MS) A station in the mobile radio service intended for use while in
motion at unspecified locations. MS’s may be hand-held
personal units (portables) or installed on vehicles (vehicular
mobiles)

Transceiver A device capable of simultaneously transmitting (Tx) and
receiving (Rx) radio signals

Subscriber A user who pays subscription charges for using a mobile
communications system

Roamer An MS which operates 1n a service area (market) other than

that from which service has been subscribed
12 Ap. Xapng M. ZteAAGKNG
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Typical System Definitions — cont’d

13

Forward (or Downlink)
Channel

Reverse (or Uplink) Channel

Control Channel

Mobile Switching Center
(MSC) or Mobile Telephone
Switching Office (MTSO)

Page

Radio channel used for transmission of information from the
BS to MS

Radio channel used for transmission of information from the
MS to BS

Radio channels used for transmission of call setup, call request,
call initiation, and other beacon or control purposes

Switching center which coordinates the routing of calls in a
large service area. In a cellular radio system, an MSC connects
various BS’s and MS’s to the Public Switch Telephone
Network (PSTN)

A brief message which 1s broadcast over the entire service
area, usually in a simulcast fashion by many BS’s at the same
time

Ap. Xapng M. ZteAAGKNG
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(. Typical System Definitions — cont’d

Handoff or Handover

Simplex Systems

Half Duplex Systems

14

The process of transferring the service provided to an MS from
one channel or BS to another

Communication systems which provide only 1-way
communication

(ex. Paging Systems: Messages are received but not
acknowledged)

Communication systems which allow 2-way communication
by using the same radio channel for both transmission and
reception. At any given time, the user can only either transmit
or receive information.

Typical Operational Constraints:

e Push-to-talk
* Release-to-listen

Ap. Xapng M. ZteAAGKNG
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Full Duplex Systems

) . Typical System Definitions — cont’d

%

Frequency Division
Duplexing (FDD)

T. ho . .
-ama ~ aw va ~Na ~ an

Communication systems which allow simultaneous
2-way communication. Transmission and reception
1s typically on:
 two different frequency channels, (FDD), or
* using different time slots (TDD)

Simultaneous radio transmission channels for the
MS and the BS, so that they both can constantly
transmit while simultaneously receiving signals
from one another.

* At the BS, separate Tx and Rx antennas are used
* At the MS, a common antenna is used, and a
“duplexer” 1s used inside the MS, to enable the
simultaneous Tx and Rx

: 1 1: A A : £ KngG
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G Making a call through a cellular network

<* Communication between the MS’s and the BS’s is defined by a
standard that specifies four different
radio channels

— are used for voice Tx from the BS to MS

— are used for voice Tx from the MS to BS

— are responsible for transmitting and receiving data
messages that carry call initiation and all other service management requests
(usually 5% of the total channels available in the system, while the remaining 95%
is allocated to voice and data traffic)

“* When an MS is turned on and is not engaged in a call, it scans all
FCC’s to determine the strongest; it then considers the

corresponding BS as the

“* A similar search is conducted when the strongest FCC drops below
a pre-specified level

19 Ap. Xapng M. ZteAAGKNG
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fﬁ;} Making a call through a cellular network — cont’d

“* When a call is placed to an MS,

20

The MSC dispatches the request to all BS’s of the network
The is broadcast as a message over all the FCC’s
The MS receives the message, identifies itself and responds back through the RCC

The BS relays the acknowledgement sent by the MS and informs the MSC of the
handshake

Then, the MSC instructs the BS to move the call to an used voice channel of the cell
The BS signals the MS to change frequencies to an unused pair {FVC, RVC}

Next, another is transmitted over the FVC to instruct the mobile
device to ring, thereby instructing the user to answer the phone.

Ap. Xapng M. ZteAAGKNG
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Making a call through a cellular network — cont’d

“* During the call,
— The MSC adjusts the Tx power of the MS and changes the channels of the MS or

the BS, in order to maintain acceptable call quality

Special control signaling is applied to the voice channels, so that the MS remains
under control by the serving BS and MSC.

As the subscriber moves in and out of the range of each BS, control signaling is
applied to change the serving BS / MSC

“* When the MS originates the call,

21

A call initiation request is sent through the RCC

The MS transmits its , the
of the called party plus some other information, such as its max Tx power level.

The BS receives the data and sends it to the MSC

The MSC validates the request, makes connection to the called party through the
PSTN and instructs the BS and MS to move to an unused pair of voice channels

Ap. Xapng M. ZteAAGKNG



| Service EWEI‘EH-E' 1H|Elqmrnd Complexity Hardware Carrier Functionality
Range |Infra- { Gest | Frequency
: structure i
TV Low Low Low Low Infra-red | Transmitter
Remote |
Control .
(Garage Laovw Laovw Low Low < 100 MHz | Transmitter
Door
| Opener | .
| Paging . High High Low Laow < 10GHz Receiver
| System
Cordless Low Low | Moderate | Low |< 1) MHz | Transceiver
Phone ! _
Cellular High High High Moderate |< 1 GHz Transcelver
Phone

22
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=ervice |Coverage | Required |Complexity ;| Hardware | Carner Functionality |
! Range Infra- Cost Fraquency
struclure

TV Lavw Laow Laovwr Low Infra-red Recoiver
Remote

Control

(Garage Low Low Low Low < 100 MHz Receiver
Door

Opener

Paging High High High High < ] GHz Transmitter |
| System

Cordless | Low Low Laovwr Moderate |< 100 MHz | Transceiver
' Phone
| Cellular High High High High < 1 GHz Transceiver
Phone
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The Road Ahead

The explosive growth of internet-based applications (ex. Location based services,

social networks, etc.)

In addition to the demand for providing novel and ubiquitous personal
communication services to citizens, wherever they are

In addition to the need for rapidly deploying sophisticated telephone networks in
emerging markets, where landline telephone coverage is nearly non-existent or

obsolete

Global Subscribers

alk ‘i‘3.2bn

SUBSCRIBERS IN 2012

o1 443.9bn

SUBSCRIBERS IN 2017

4.2%GAGR

mumie g

MOBILE IS

’ @ EVERYTHING

Including licensed cellular 10T - Q1 2023

11.146.079.5904

A 5.79%

UNIQUE MOBILE SUBSCRIBERS 48

Q12023

0.000.6438.93

A 2.78%

GSMA

Intelligence

FY 2021/22

$7.99

v -0.12%
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Some Useful Links

Yrnovpyeio Yroooumv, Metapopav kot AiKtomv (Www.yme.gov.gr)

EOvuim Emitpont) TnAemkovoviov kot Tayvopoueiov (www.eett.gr)

EOviko Zoufoviio Padiotniedpaonc (www.esr.gr)

‘Evoon Etoupeioov Kivntc Tniepwviog (www.eekt.gr)

International Telecommunications Union (www.itu.int)

Digital Agenda for Europe — Wireless (www.https://ec.europa.eu/digital-
agenda/en/newsroom/reports-and-studies/wireless-Europe)

GSM Association (www.gsma.com)

3rd Generation Partnership Project (www.3gpp.org)

Telecommunications Industry Association (www.tiaonline.org)

IEEE Wireless Communications Society (www.comsoc.org/wirelessmag)
IEEE standards (http://standards.ieee.org)
Federal Communications Commission (USA) (www.fcc.gov)

Mobile World Congress (www.mobileworldcongress.com)

GSM Portal (www.gsmarena.com)
Wikipedia (https://en.wikipedia.org/wiki/Wikipedia)
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