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Subiecte abordate:

*

Retele mobile;

GSM, CDMA;

* Comunicatii prin satelit;
* Tehnologia GPS, GloNas.

*

Note de curs: IRI 2 12/6/2021



Comunicatii mobile:

Problemele Comunicatiilor mobile:

Comunicatii telefonice analogice?

Comunicatii in baza de madii cablate? Reteaua Internet?
Problema frecventei de modulare a semnalelor analogice?
Tehnica de salt de frecventa?

Actrita Hedy Lamarr impreuna cu compozitorul George Antheil ... ...2
Securitatea comunicatiilor mobile analogice?
Multiplexarea canalelor analogice: Frecventa, Timp....
Retele digitale pentru comunicatii mobile?

Solutii pentru retele digitale?

Multiplexarea in telecomunicatii mobile?

* % X K Xk X 0 X * X

Note de curs: IRI 3 12/6/2021



Evolutia comunicatiilor mobile:

Apare lucrarea 4 Treatise on FEleciricity and Magnetism in care James Clark
Maxwell demonstreazd matematic posibilitatea propagirii prin aer a cimpului
electromagnetic (unde radio)

Gugliemo Marconi demonsireazi practic transmisia informatiei prin unde radio
Prima transmisie radio telegraficd transatlanticl (Marconi)

1906 | Prima transmisie radio transatlanticd duplex de voce (Reginald Fessenden)

1921 Primelc _se:rvicii de mdiﬂ_diﬁ_J_ziune_ pe unci_c_scu_rtc _

Primul sistem de comunicaiil mobile {politia din Detroit)

1934 | Primele posturi de radio difuziune pentru zone urbane (S.1U.A.)

1935 | Patentarea tehnicii de modulatie in frecvenid (Edwin Armsirong)

1946 | Primul sistem comercial de telefonie mobili: DPLM (Saint Louis, Missouri)

1948 Claude S!mnnnn publicd lucrarea in care apare celebra expresie a capacitatdfii unuwi
canal radio

1956 | Apare primul telefon mobil automat (40 kg, Ericsson)

1964 | Sisteme imbundtifite comerciale de telefonie mobila: IMTS (5.U.A.)

1969 Estﬂ_prezentat public conceptul ::'ellular de organizare a sisf&melur de comunicatii
mobile, elaborat de Bell Laboratories pe parcursul a 10 ani

1979 | Primul sistem celular de comunicafii mobile (NTT, Japonia)

1981 Primul sistem comercial NMT { Arabia Sauditd)

1983 | Primul sistem comercial tip AMPS (Chicago)

1991 | Primul sistem comercial tip GSM (Finlanda)

1995 | Primul sistem comercial tip cdmaOne (Hong Kong)

1999 | Finalizarea specificatiilor pentru standardul GPES

2000 Primele teste cu sisteme UMTS (Monaco si Isle of Man)

Alocarea primelor licente comerciale pentru sisteme UMTS (Marea Britanie)

2001 | Primul sistem comercial 3G (DoCoMuo, Japonia)

2002 | Primul sistem comercial cdma2000 EV-DO {Coreea de Sud)

2006 | Primul sistep—oessaneial MLk daan iR (Coreea de Sud)

2008 Publicarea p Comunicatii mobile: {1y LTE (Release 8, in numerotarea ETSI):
pand acum au fost publicate alte 7 versiuni

2017 Publicare_a versiunii a 8-a a_stand_s_lrdului LTE (Release 15_1 in numemtarﬁa? ETSI),
Note de curs: IRI care cuprinde, de fapt, specificatiile finale pentru generatia 3G (New Radio) 12/6/2021
2019 S_e estimeazi cd in a doua jumitate a anului vor apdrea primele implementéri de
sisteme 5G




Comunicatii mobile:
Aplicatii tipice ale comunic mobile

UKITS, WLaH, DAE,
EEM, cdmaZong,

Parscnal Trovel Assisiant,
O&B. FD&A, lapiap,

GEM, UMTE, WLAN,
EBluabooth, ..

Note de curs. ini 5 12/6/2021



Comunicatii mobile:

Aplicatii tipice ale comunic mobile

Mobile and wireless dewm

Sensor,

Embedded controllers,

Pager,

Mobile phones,

Personal digital assistant: PDAs,
Pocket computer,
Notebook/laptop,

loT,

Note de curs: IRI 6
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Comunicatii mobile:

Aplicatii tipice ale comunic mobile

Laptop/Notebook
e fully functional
e standard applications

Specialized PDAs
e graphical displays
e character recognition

Pager, displays
* receive only
e simple text

messages e simplified WWW
e ruggedized

Sensors,
embedded
controllers

Smartphone/Tablet
e tiny virtual keyboard
e simple(r) versions
of standard applications

Classical mobile phones
e voice, data
e simple graphical displays

performance

No clear separation between device types possible
(e.g. smart phones, embedded PCs, ...)

Note de ca... ... 12/6/2021



Comunicatii mobile:

Evolutia communicatiilor mobile

* 2002
* WLAN hot-spots start to spread
* 2003

* UMTS starts in Germany
* Start of DVB-T in Germany replacing analog TV
* 2005
* WiMax starts as DSL alternative (not mobile)
* first ZigBee products
* 2006
* HSDPA starts in Germany as fast UMTS download version offering > 3 Mbit/s
* WLAN draft for 250 Mbit/s (802.11n) using MIMO
* WPA2 mandatory for Wi-Fi WLAN devices

* 2007
* over 3.3 billion subscribers for mobile phones (NOT 3 bn people!)
* 2008

* “real” Internet widely available on mobile phones (standard browsers, decent data rates)

* 7.2 Mbit/s HSDPA, 1.4 Mbit/s HSUPA available in Germany, more than 100 operators support HSPA
worldwide, first LTE tests (>100 Mbit/s)

2009 - the story continues with netbooks, iPhone, VolPOWLAN...
* 2010 — LTE available in some cities, new frequencies allocated
* Reuse of old analog TV bands, LTE as DSL replacement for rural areas
* 2015 — VOLTE, LTE@700MHz, LTE advanced
2020 - Start of 5G planned



Comunicatii mobile:
Interconectarea serviciilor mobile si cablate

Data Link Cta Link

Data Link

Ptiysical Ptiy=sical

Physical

Hadio

Note de curs: IRI
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Comunicatii mobile:

Banda de frecvente si medii de counicare

————

pair - i - Optical transmissian
..... =
b T
1hdrmn 10km 100m m 10mm 100pum Tpam
AN Hz A0k Hz dMHz  3M0MH:  30GH:z dTHz 300THz
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WLF LF MF HF ¥HF UHF SHF EHF infrared LI

wisible light

Note de curs: IRI 10 12/6/2021



Comunicatii mobile:
Banda de frecvente si tarile care le utilizeaza p/u TM

Maobile phones NMT AMPS, TDMA, PDC
COMA
453-457 H24-849 B10-826
A6 3-467 H89-804 940056
1429-1465
1477-1513
5 %W GEM, TDMA,
CDMA
H90-915 1850-1910
935960 19301990
1710-17TBE6
1805-1880
UMTS (FDD)/ FOMA /
W -COMA W-COMA
1920-1980 1920-1980
2110=-2190 2110=2170
Note de curs: | 12/6/2021




Note de curs: IRI

omunicatii mobile:
Banda de frecvente si tarile care le utilizeaza p/u telefon fara

fir, WiFi, others

Cordiess telephones

Wireless LANs

Others

PMTS (TDD)
1900=-19210
2020-2025

CTi+
BAa5-g8T
QAd-a32

CT2
HE4-EEE

DECT
1880=-1800

IEEE 802.11
2400-2483

HiperLANZ,
IEEE 802.11a
5150-5350
5A4T0-5725

RF-Contral
27,128, 418,
433, 58

PACE
1850-1910
1980=1990

PACS-LB
1910-1930

IEEE 802.11
902-928
2400-2483

HiperLANZ,
IEEE 802.11a
5150-5350
5725-5625

R F-Control
315, 516

PHS
1855-1918

T
254-380

IEEE 802.11
240 0-2497

HiperLANZ,
IEEE B02.11a
5150-5250

RF-Contral
4206, 5aS

Satelltte (e.g., Iridium, Globalstar)

1610=-1 626, 2483-2 R0

12/6/2021



Comunicatii mobile:

Clasificare undelor dupa modul de propagare

————

lonosferice Directe
Spatiale —
Reflectate
UI]E!'E‘ > Terestre Difractate
radio — )
Transmise
De suprafatd _

Troposferice _

Note de curs: IRI 13 12/6/2021



Comunicatii mobile:

Absorbtia, reflectia si refractia undelor

Unda directa

Unda reflectata

Note de 12/6/2021



Comunicatii mobile:
Absorbtia, reflectia si refractia undelor

Note de curs: IRI 15 12/6/2021



Comunicatii mobile:
Inprastierea si disractia undelor

Soattering Diffraciion

Note de curs: IRI 16 12/6/2021



Comunicatii mobile:
Propogarea undelor pe cai multiple

] R ulipaib
] LCES pulses pulses

Signal at sender

=ignal al recener

Note de curs: IRI 17 12/6/2021



Comunicatii mobile:

Propogarea undelor pe cai multiple

AN <
S

—
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N
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Note de curs: IRI 12/6/2021




Comunicatii mobile:

Multiplexarea canalelor

S

Exista patru scheme fundamentale de acces multiplu (MA — Multiple Access): cu
diviziune in frecventa (FDMA — Frequency Division MA), cu diviziune in timp
(TDMA — Time Division MA), cu diviziune de cod (CDMA — Code Division MA) si
cu rezervare de pachete (PRMA — Packet Reservation MA). O noua tehnica este
actualmente in atentia cercetatorilor: cu diviziune ortogonala in frecventa
(OFDMA - Orthogonal Frequency Division MA). Alte doua tehnici aplicate in
celelalte sisteme de comunicatii nu sunt adecvate sistemelor mobile: cu
diviziune de polarizare (PDMA — Polarisation Division MA) — deoarece in mediul
radiomobil polarizarea se modifica aleatoriu in timp si spatiu prin reflexii si
difractii multiple, si cu diviziune in spatiu (SDMA — Space Division MA) —
deoarece reutilizarea spatiala a canalelor este deja realizata in sistemele
celulare, dar in alta forma.

TEHNICI DE ACCES MULTIPLU

Note de curs: IRI 19 12/6/2021



Comunicatii mobile:
Multiplexarea canalelor

Space division multiplexing

Channeds ‘
ks ky Ky

“i

“i

A

Note de curs: IRI 12/6/2021



Comunicatii mobile:

Multiplexarea canalelor

JEEE 00

Frequency division multiplexing &

Canalele de comunicatie trebuie sa asigure
transmiterea informatiei in ambele sensuri, adica sa fie
canale duplex. Cele doua sensuri de comunicatie se pot
asigura fie prin diviziune in frecventa (FDD —
Frequency Division Duplex), fie prin diviziune in timp
(TDD — Time Division Duplex). In primul caz, spectrul
alocat sistemului este divizat in doua benzi egale si,
acestea, la randul lor, divizate in canale. Daca B este
banda unui canal in fiecare banda, atunci canalul
duplex FDD ocupa o banda 2B.

Caracteristica filtrului

Zam  Zamma [ / 72 [ e [
A EAEAR R EARTRAL Separatic Y TIC G TTO frecventa
benzi FDD kA
Interval de garda Interval de garda
Note de curs: IRI 21 12/6/2021



Comunicatii mobile:
Multiplexarea canalelor

Note de curs: IRI

Cadru

/ Fereastrd

8§ | Syne | Date P

Date




Comunicatii mobile:
Multiplexarea canalelor

Frequency and time

dnasion multiplexing \

cambined

e

Note de curs: IRI 23 12/6/2021



Note de curs: IRI

Comunicatii mobile:

Multiplexarea canalelor

Code division multiplexing \
g

Ky

Ky

E

‘/

i

CDMA:
010110101b =
ID = 1011 ->
| 1=1011b,
0 = 0100b

12/6/2021



Comunicatii mobile:
Multiplexarea canalelor

Eficienta crescuta a utilizarii spectrului de frecventa in tehnica OFDMA

AAANA

ﬁ‘ccvcm;-ﬁ

B, - FDMA
I

A

B,- OFDMA

Note de curs: IRI 25
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Comunicatii mobile:

222222222



Comunicatii mobile:

Cellular systems

Note de curs: IRI
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Comunicatii mobile:

Arhitectura standard a unei retele celulare

MTSO - Mobile Telecommunications Switching Office
Statii de baza (BS), Unitati mobile (MS).

BS BS BS BS BS
BS BS BS BS BS
MTSO
BS BS BS BS BS

BS BS BS BS BS

Note 12/6/2021




Comunicatii mobile:
Acces multiplu la mediul de comunicare

Space LMvision Multiple Access (5DMA)

o —
Frequency division multiple access (FDMA)

“
960 MHz t

124

DV

Cr—'
@. §35 2 MHz 1 |20 kHz -'ﬁ%

= o
W 9

BG0.2 MHZ 1 |

L L
LE L

L L L 2
hdbep

Note de 12/6/2021



Comunicatii mobile:

Acces multiplu la mediul de comunicare

time division multiple access (TDMA)

\

417 ms r g ﬁ

=
HEEwEENEEsEE

} " . o 4t

i i i i, Lialink
i

Note de curs: IRI 30 12/6/2021
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Note de curs: IRI
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Comunicatii mobile:
Evolutia generatiilor de telecomunicatii mobile

B5-136 = DECT
DD:‘;F-E ——p EDGE P
= 15-136HS
——
EEM = GPRE | UWE-136
'-____-
POC ——
.------....._Tr--_._._u; e R
g, WT-D3
UTRA FOD/W-CDMA
MAT-TC
UTAA TOD/TD-COMA
AT TC 1.:]
TD-SCOMA
1595 M4 T-MC
cdmatng = cdmaznnn e * cdma2o00 1X EV-DO
1X EV-DVY
[3x]
2G 25G 3G

31 12/6/2021



Not

Comunicatii mobile:
Evolutia generatiilor de telecomunicatii mobile

CTO - Radiotelefonie analogica

CT1 - Sistem comercial MF analogic pe 900 MHz cu arie extrem de redusa (de marimea unui
supermarket, de exemplu), necelular.

CT3 (ulterior DECT) - Sistem digital TDMA / TDD, cu posibilitatea de a transmite si date.

Date de referinta:

1987- Lansarea ideii unui standard european unic pentru comunicatii indoor si alegerea accesului
multiplu TDMA/TDD.

1989- Formarea grupului de lucru in cadrul ETSI.

1992- Publicarea primului standard DECT, fara obligativitatea interoperabilitatii echipamentelor
diversilor producatori pentru aplicatii private; viteza de transmisie de 1,152 Mb/s era cea mai mare
valoare prevazuta de un standard pentru comunicatii mobile.

1995- Definitivarea specificatiilor de baza ale standardului si stabilirea obligativitatii interoperabilitatii
echipamentelor destinate comunicatiilor vocale indiferent daca aplicatiile erau publice sau private;
primele implementari de echipamente DECT.

1996- Corectia unor specificatii si definirea completa a GAP.

1997- Publicarea specificatiilor pentru serviciul de transmisii in pachete (DPRS - DECT Packet Radio
Service), permitand interoperabilitatea echipamentelor DECT pentru transmisii vocale cu cele pentru
date.

1999- Adoptarea unor tipuri de modulatie suplimentare pentru cresterea vitezei de transmisie la 3,456
Mb/s.

2000- Acceptarea DECT ca interfata radio alternativa pentru sisteme de comunicatii mobile din
generatia a treia (3G). Ulterior au fost definite profilele de interoperabilitate cu alte sisteme
DECT/GSM, DECT/ISDN, DECT/RLL (Radio Local Loop) etc. In continuare se fac cercetari pentru
completarea specificatiilor in vederea atingerii unor viteze de transmisie de 20 Mb/s.

Primele retele DECT au fost implementate in 1995 in Germania. Din 1995 numarul unitatilor portabile o
DECT s-a dublat in fiecare an, ajungand in 2002 la cca. 150 de milioane.




Comunicatii mobile:

Cea mai simpla implementare a unui sistem DECT

Retea
telefonica cu Post
comutare de telefonic
circuite
(PSTN) \
TP T BET T
Retea .’ | | T
telefonici cu , | | .
comutare de . Stati | | Telefon .
circuite rs | a],:: — _k =1 portabil g
(PSTN) -, | de baz

------------

Note de curs: IRI 33 12/6/2021



Comunicatii mobile:
Cea mai simpla implementare a unui sistem DECT

Retea DECT —
telefonica cu Staie | i eleton

bil
comutare de - — — =
circuite de bazd
(PSTN)
I
gamTTTTmm Telefon
Y- . portabil
, Bloc : |
: radio fix | IE | Telelon
' | . | Lportabil
Retea . | : |
telefonici m:i : Bloc de | : EE Telefon
comutare de * 1 control ' portabil
circuite . | Bloc Ll |
(PSTN) ' radio fix || ; | [Telefon
3 | | Lportabil
p | . I
. ¥ Teleton
. : portabil
\ Bloc , | ; ¢ I
" . | ' | sl
Note de curs: IRI fee Ll radio fix L — — 4 g:;!:[.gﬁﬂ 12/6/2021




Comunicatii mobile:
GSM - Global System for Mobile Communications

e
radio subsystem (R5%)

"; maobile stations {MS)
.. base station subsvstem (B5%%)
i / Base transceiver station (ETS)

....................................

Base station controller (BSC)

AsS a{

= : | ‘ MEE network and E'il'll'llfhiﬂg iuhi-FitEm l[hlij-b
NSS < @ finon @ A2 wfobile services switching center (MSC)

R LA R S |SDM, PETH
w R 7 lemscl —
-I. 1] -Illll : ‘.. I.r PD“

we L gperation subsystem {(%5),

0ss
Note ¢

A
'
o
W

— M Operation and maintenance center (OMOC):




Comunicatii mobile:
GSM - Global System for Mobile Communications

Type Channels Uplink [
[MHZ]
GSM 850 128-251 824-849 869-894
GSM 900 0-124, 955- 876-915 921-960
classical 1023 890-915 935-960
extended 124 channels 880-915 925-960
+49 channels

GSM 1800 512-885 1710-1785 1805-1880
GSM 1900 512-810 1850-1910 1930-1990
GSM-R 955-1024, 0- | 876-915 921-960
exclusive 124 876-880 921-925

69 channels

Note de curs: IRI




Comunicatii mobile:
GSM interactiunea dintre Protocoale

CM ; C
Rl ; s
EESAP
B4R
— =18
BTSM
R 5a7 a7
LAPD_ Lo [ LAPD LAPD
radio radio PCM PO PCM | ! PCM
BB kbib's B4 kbit's /

2028 Mibit's

Note de curs: IRI



Comunicatii mobile;

Interconectarea serviciilor moobile si cablate

mtegratlon of heterogeneous flxed and
mobile networks with varying i AN
~-transmission characteristics -+ - e V1

vertical

...................................................................

haﬁdover

FamPUS basec] horlzontal
: : handover

Note de curs: IRI



Comunicatii mobile:
Antene GSM

Note de curs: IRI



Comunicatii mobile;

Infrastructura GSM

B;ase Sta@ions T R

@Microwave Iinksf

Note de curs: IRI



Comunicatii mobile:

Infrastructura GSM

" Not ,visible®, but comprise
the major part of the network
(also from an investment
point of view...)

Switching units

Monitoring

Note de curs: IRI



Comunicatii mobile:
Topologie cu interconectare a diferitor tehnologii de
comunicare

{to2}

Base station

Soenaeor Hlelds

See1lEo1 1ol

Note de curs: IRI



Comunicatii mobile:
Exemple de aplicare a retelelor senzoriale

Matdiai
Agimial Tracbing

Traite Tra kg
Carflas Trackmg

£

Secriy Daweciian

E

Elakiiai
Apbnal Manaering
iEalara, birda, Came ooed s

Invirzary Meniorisg

Fuble I redusirial
S rarsl P o i resg
Fociery Mo earmg
Iprereary blenioriag
Mac bime Nleasrrg
Chernic sl Moarparag

Pesrns l1n|1i:|r|.lg

[

Favirsnmonl
Ervirenmensl Meagsnieg
CAeaibes, EEpEIMUIG, pEiEEE )




Comunicatii mobile:

Analiza comparativa a standardelor IEEE 802.15.4, IEEE 802.15.1 si IEEE802.11

Complexity
Coesk

I B o

Note de curs: IRI

Bluztooth

B 11k

Data Rati

Elugtooth

802 11b

Caia
Rate

20 o
250 khps

1=
[ e

14a 11
X s

Typacal
Range
10=100 m

2=10 m

=100 m

Appiic ation
Exampies

Wirebess Sensor
[l =ty 1

Winnkss Hoadsor
Wirgass Mowsn

Winabess Irneimet
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Comunicatii mobile:

Retea senzoriald model cu integrarea serviciilor

“units nit
FIRE ALARM SENSOR
NODE

Program Unit

PANIC ALARM SENSOR NETWORK SINK
NODE MONITORING CENTER



Comunicatii mobile:

Sistemul GPS

S2 {1515 Y. zsl)

- . . %4 (Isr-h Ysds zsdl)
51 (xsla ¥Yas z;!:1) I S - {Sﬁd__.--—"‘"
- - ‘dfe.;
@Hj R, Afﬂ :

ozifia estimata
{xrl}, yrl]', zrl]'}

...........................................

................................................

2 2 3 . . . .
Ral ='\/(xsl_xr) +(y.rl_yr) +(zsl_zr) rst{l=\/{x“—xr)1+(y“—yr]z+(zs,—zr)z+Cﬁfl,
Ral -— J(-xgl _xr )1 +(y.1:| _.]}r)2 +(z51 _zr )I -< PSRI = J(xﬂ _xr)z _I_(yJFl _yr)z +(Z_d _ zr)z +(.'Af£
R, =f(x, = x) + (1, =9, +(z, =2, | PR= =0 400, =3) (-2 +edt,

PSR4= (xs4_x,)z+(yﬂ—y,)z+(zr4_z’)2 +CAIE
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Comunicatii mobile:
Sistemul GPS




Comunicatii mobile:
Sistemul GPS

Statie terestri

Note de curs: IRI



Comunicatii mobile:

Sistemul GPS

dist 1 dist 1 .

Statia de baza ﬁ Receplor terestru

(Ry. cunsscuts)

Note



.

Comunicatii mobile:

Note de curs: IRI



