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Yy uaOnuaroc — ®aon 1

Ewcaymyikég £vvoleg oTIC 0GVPUOTES EMKOLVMVIES

A100061] 0.GVPUOTOV CHLOTOS

—  @awvopeva wov 1) 01Emovy, Movterlomoinon owadoonc, Kataotaon multipath, Xtatiotikég fading, Avaivon weolvyiov
Cevéng (Link Budget), Ilapaderypa o€ svotyauoa WCDMA

Aocvpuorn petadoon

—  Teyvikéc acvppatng perddoong (orapdopemon, wootddmon, Diversity, k®owkomoinen kavaiov), Asikteg amdooong
g orapopemone, lMapadsiypoata

AcVPUHoTa KTV KUWELOELOOVS UPYLTEKTOVIKNG
—  XKOTUOTNTA KOWYELOEWOAV GUGTINATOV, TEPLYpar]), ETavaypnoiponoinon ocvyvotnreg, Eykvpotnta peyébovg
Baoug koyéing, Hapeppforic kar yopnrikétnta, Mnyavicpoi handoff, Egappoyn g 0cmpiog ovpov ota acvppato
oikTva, Teyvikég PelTioTomoinong TG 0mr60001S EVOS OIKTVOV, AlXGTAGLOAGYN oM dOkTVOV, [lapadsciypata.

Teyvoloyieg morhamting npocPacnc

—  FDMA, TDMA, CDMA, SDMA), Xvoetpota 21G Kot ETOREVNS YEVEAS.

To npotvro GSM

—  Ewoayoywkda otoycio, Baowéc oyedraotikés apyés, Yanpeoieg, Apyrrekroviki), lleprypag) Tov otoryciov diktvov, H
podo-oemaQt], lIpotokoria, PDvoKa Kol AOYIKE KOVAAG, ALOOIKOGIES GNUOTOO06IOC KUl TAPASELY L OTN
onuovpyia véag ovvoeons, MeTam0161 GVYVOTITOV

Z‘mcm] pota CDMA

Baowoi deikteg amddoong owktvov, EEamimon (spreading) ofipartog, Képoog eEanimong, Mnyaviopnég handoff, Macro / micro diversity,
Yratiotikég handoff, Xrovyeio kavaiiov kot opadonoinon (pooling), Kvpiapyog evnnpetntic, ‘Eleyyog woyvoc, Kaivyn cvstipartoc,
Merapintotntoe peyéBovg koywéing, Xopntikotntoe diktvov, @optog diktvov, Emavaypnciponoinon cvyvéotntog, Awr6doon diktvov,
E&woopponnon amwddoonc, llapadeiypara.
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PART 1

Introduction to

Wireless Communications

4 Ap. Xapng M. ZteAAdkng



What is 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” 1s 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 1n this manner over both short and long distances.
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Wireless Technologies Timeline

Tahle 1.1 A simple timeling in Wireless Technologies evolution
(this i= not to be considered an "all inclusive” tmeline)

Table 1.1 {(comtimeed)

1896 Gugliclmo Marconi develops the first wireless
telegraph svstem
1927 First commercial radiotelephone service operated

between Britain and the US

19445 First car-based mobile telephone set up in 5L Louis,
using ‘push-to-talk” technology

1948 Clapde Shannon publishes two benchmark papers on
Information Theory. containing the basis for data
compression {source encoding) and error detection
and cormrection {channel encoding )

1950 TD-2. the first terrestrial microwave
telecommunication system, installed o suppon
2400 telephone circuits

19505 Late in the decade, several “push-to-talk’ mobile

systems established in big cities for CB-radio. taxis,
police, elc.

19505 Late in the decade. the first paging access control
cquipment (PACE) paging systems established

1M Early in the decade. the Improved Mobile Telephone
System (IMTS)} developed with simuoltaneous
transmit and receive. more channels, and greater

powner

19632 The first communication satellite, Telstar, launched
imto orbit

1554 The International Telecommunications Satellite

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

1968 Defense Advanced Research Projects Agency — US
(DARPA) selected BEN to develop the Advanced
Research Projects Apency Metwork (ARPANET).
the father of the modern Intermet

19705 Packet switching emerges as an efficient means of daia
communications, with the X_25 standard emerging
late in the decade

1977

1983

1940

1982

1943

19594 -5

1948

190

20600
206001

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

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

Motorola files FOC application for permission 1o
launch 77 (revised down o 66) low earth orbit
communication satellites, known as the Irdiom
System (element 77 is Iridiom)

Une-millionth host connecied to the Internet, with the
size now approcimately doubling every year
[miemet Protocol version 4 (IPv4) established for

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

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

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

Late in the decade, Virual Private Metworks (VPMs)
based on the Layer 2 Tunneling Protocol (L2TH)
and IPSEC security technigues become available

EOZ. 1 1{bkbased networks are in popular demand

Wired Equivalent Privacy {(WEP) Securty is broken.
The sezarch for greater security for 8021 1(x)}-based
networks increases
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Typical System Definitions

Base Station (BS)

Mobile Station (MS)

Transceiver

Subscriber

Roamer

12

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

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)

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

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

An MS which operates in a service area (market) other than

that from which service has been subscribed
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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 1nitiation, 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 is broadcast over the entire service
area, usually in a simulcast fashion by many BS’s at the same
time

Ap. Xapng M. ZteAAAKNC



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
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Typical System Definitions — cont’d

15

Full Duplex Systems

Frequency Division
Duplexing (FDD)

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
e At the MS, a common antenna 1s used, and a
“duplexer” 1s used inside the MS, to enable the

simultaneous Tx and Rx
Ap. Xapng M. ZteAAAKNC
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Typical System Definitions — cont’d

Time Division A common radio channel 1s used and at a portion of
Duplexing (TDD) a time it 1s used for Tx, while at the remaining
period 1s used for Rx

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

“* When a call is placed to an MS,

21

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.
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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,

22

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. ZteAAAKNC



| Service _[anrag-e 1Fiuem:;-uirﬂ-d Complexity |Hardware Carrier Functicnality
Range |Infra- { GCost | Frequency
: structure '
TV Low Low Laovw Low Infra-red | Transmitter
Remote |
Control 9
(Garage Laow Laovw Low Low < 100 MHz | Transmitter
Door
|Opener | .
| Paging - High High Low L < 1GHz Receiver
| System
Cordless Low Low | Moderate | Low {< 100 MHz | Transceiver
Phone ! _
Cellular High High High Moderate (< 1 GHz Transceiver
Phone

23

Ap. Xapng M. ZteAAAKNC



24

- T
—ervice |Goverage | Hequired |Complexity | Hardware | Carner Functionality |

Range Infra- Cost Frequency

structure

TV Liow Laow Laow Low Infra-red Heceiver
Remote
Control
Garage Low Low Low Low < 10{) MHz Hecelver
Door
Opener
Paging High High High High < 1 GHz Transmitter |
| System
Cordless | Low Low Low Moderate |< 100 MHz | Transceiver
' Phone
| Cellular High High High High < 1 GHz Transceiver
Phone
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The Road Ahead

social networks, etc.)

communication services to citizens, wherever they are

uuuuu

EIMOBILE

) T
2\ 1 .

MOBILE IS

12.811.508.341

Mobile connections
including cellular l1oT Q1 2025 "OTAL CELLULAR CONNECTIONS

Including licensed cellular loT - Q1 2025

2.63% 12.871.006.021

Growth, year on year
A 5.63%

GSMA

Intelligence

Q12025

0.7/93.848.839

A 2.03%

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

* In addition to the demand for providing novel and ubiquitous personal

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

Upcoming

MWC25 Barcelona

3-6 March 2025

FY 2023/24

$8.09

v -0.12%
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Yrnovpyeio Yrooouwv, Metapopdv kot AIKTO®V (WWW.yme.gov.gr)

EBvikn Emitponn) Tniemikowvoviov kot Tayvdpoueiov (www.eett.gr)

EBviko ZvpPovito Padtotniedpaonc (www.esr.gr)

‘Evoon Etapeiov Kivntc Tniepovioag (www.eekt.gr)

International Telecommunications Union (www.itu.int)

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

GSM Association (Wwww.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.ieece.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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