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BASICS:
* topic:

0 basics of telecommunication technology and basicpomants, boxes;
system and network constructed from boxes;

services based on systems and networks;

application based on the services;

business aspects, regulation issues, demonstrations

O O OO

* internet is telecom based,
» revolution:total transit traffic: 180 petabit/day;
» convergencetelecom (mobility)+ computer (PC, internet)+ meishdustry
(electronic publishing and entertainment)nfocom industry
* convergence in networks (tel on CaTV, internetaine),
convergence in terminals (music on mobile, TV ompater, email on TV);;
e reasons:
o common technology platform (digital),
o unlimited telecom possibilities (no practical linmtbandwidth, no limit in
geographic distance),
o0 store, copy and searching of information content;;
» cultural differences:
o telecom:
» stupid terminals and intelligent network;
= state monopoly,
» international standards (rlglgﬂpgaqcurapg),

ermina
= detailed regulation,
= statistical figures availablﬁf,e/E 72N 7X

0 computer:
» intelligent systems and stupid networks
= market oriented,
- proprietary SOlUtionS, intelligent network Stupid networks
= self regulation,
= estimations only;;

Intelligent systems

- competition in ICT: Carelli (director of Eurescom)- processing povwamsmission
capacity, storage capacity- which grows faster?;
+ laws:
0 Moore-law (processing power 2x within 18 months),
o Gilder-law (total bandwidth 3x/12),
o Metcalf-law (potential value of networks are prapmral with quadrate of
users),
o Shugart-law (price per bit in magnetic storage desfmemory) 1/2x/18),
Ruettgers-law (memory capacity 2x/12),
o Wacker-law (on meta-data: info related to transectian have more value
than transaction itself);;

(@)
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statements:

o

o

o

o

o

winner is bit transport (highest exponent: 3x, ptgldimits are close in
memories and processors);

practically infinite bandwidti{optical fibre cable: 10Gbit/s per carrier, 1000
carrier per fibre, 1000 fibre per cable- total*lit/s/cable; whole human life
in ¥ sec);

practically free bandwidtlfleasing fee for dark fibre: 200.000 Ft/month,
2Gb/s link- 1Gb: 0,079 Ft);

no distance limitgsmallest attenuation: 0,001 dB/km, connect without
repeater);

leads tarevolution in infocommunicatiofiree products are good basis of
business;

network architecture:

o

o

o
o

circuit: band is cheap; establishes fix bandwidth connectionstant bit
delay, cannot be used by many users;

packet switchingprocessing is cheap; dynamic bandwidth allocataicket
sent and the router locks destination, in the npadekets are queued or
buffered- variable delay;;

distributedvs centralizedintelligence;

peer world:no switching, but broadcasting in fibrespheren@s the radio)-
send every info and pick up your related info;;

conseguences:

o

o

wasteful usagefree products are not good basis of business-we peofit:
force wasteful usage or pay for other products ff@gsistor);

router is not able by 1Bbit/s> new network philosophyiew structure, new
functions in the nodes;

o different user behaviounew ratio of computing — downloading — storing;
0 university level education:
» efficiency of telelearning will be comparable ointact courses;
» canned free courses;
e peer-to-peer communities of students (no profs);
» consultation of experts/profs for a fee;;
technology:
o transmission (copper=twisted pair, optical, radio),
o0 switching (circuit, pocket, cell, signaling),
o networks (tel, mobile, broadcast, CATV, data, spci
0 services (dialogue, content, network),
o applications (commerce, learning, working, medigine
o terminals (tel, mobile, special),
o regulation (EU, Hun, limited resources);;
ADSL.
o Asymmetric Digital Subscriber Line;
o modem technology, converts existing twisted-pdilines into access paths;
0 max downstream: 6 Mbps, up: 832 kbps till 8 kildéee
0 RE-ADSL2:Reach Extend ADSL2: till 14 kilofeets;
0 ADSL2+:increasing downstream extending bandwidth to 2,2MHax

down: 24 Mbps till 4 kilofeets;;

BIX (=Budapest Internet Exchangéaffic intensity;;;




KOMMUNIKACIOS RENDSZEREK ALAPJAI — VIZSGA

WlRELlNE: E;:gé«ke?gﬁ
* works as a receiving antenna;; NS il
* wire line transmission media: il ? |
0 symmetrlcal twisted pair copper cable, s
0 coaxial cable, M

*_-_‘-_m...._,__u. ot P
i

o optical fibre cable;;
media and cable characteristics: ~ el

o transmission parameters (attenuation, delay/ siieccrosstalk, noises,
interferences);

o laying, connection technologies;

o faults, fault localization;

0 matching, accessories, termination;;

0 symmetric or asymmetricelated to the ground, to protect from interfees)c
basic equations and characteristics of wires angsimilar, eg
coaxial(asymm): 1D problem;g---—=------ i a AR

notation: B : i fw*w A

0 u(x,t)..voltage as the function L,M c‘:’ G
of time and distance; i(x,t)..current; e e

o y..attenuation coefficient; I ey ’_‘_:_’ﬂ;‘“"f_ﬁj: .

0 R.G,C,L.resistance, condugtivity, capachty, inditt, - saree

0 Z..complex input impedance of the ‘cable;.@haracteristic impedance;;”
basic equations for wires:
o relation of voltage and currentdu/dx= Ri+ L*di/dt; -di/dx= Gu+ C*du/dt;
o solution:u= Uye® ™ (voltage in cable= t..delay, x..distance);
= y=o+p (complex attenuation is related to geometricahpaaters);
"= 7=+ gyOk((R+pL)*(G+j wC));

e E it u+u (along cable+coming from end)= @ ™ + Uy®™ 7%;
i ;f‘"?im M«a i(x,0)= i +| = lp P+ et [ s
f ;“"‘mfr SR - fd“‘“ﬂ\ )
b ) £ e - Hy
By [ S /g o }[f W
VN O Lt ri 5 : £
A BN 5 : 1 .:‘ 7 o _!ﬁ
; ; _,._""_‘.t-mﬁ" 25 . ; vn L::-\ss 55 x‘l "@ ’é_s : “i.
$ G - 3 i J ( 7 " veur : ; ,,Mv : fo 3
conseguence Bt o : s \k e ;
o waveform of voltage asa fkdnafistance along Wmﬁerent amplitudeés:

(sometimes max sometimes min);
o signal source (M)- (through cable)- receiver (M has a loss);
o waveform of voltage as a fkt of time;
transmission properties of wiredepends on attenuation, phase shift, characteristi
impedance (& gyok(R+pL / G+jnC)); s

phenomenon at the end of terminated wire: '__.,..,,,_., : ,,_..ML;".
o reflection coefficient: r= Y/Uq"; r= Z-2y/ Z+Zo;
matched terminationZ=Z, — no reflection; By __,‘_u 1

0

o shortcut:(no voltage, max current) — everything comes back;

o open end(no current, max voltage) r=1, same phase, wfihdepoints, where
amplitude is 0 due to standing waves — same wavesack;

ohmic termlnatlonmax and min, but never 0 — standlrwves,,
ks MR F T

i r-;?‘*“i R‘@“‘f “ﬁ"‘f
i/ A& NUF ek

(@)
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» types of cables: =
0 pair, St
quad (multiple tvvist),@

0
0 quad; & ﬁ
o without twisting not homogenous el filed (househ@d./2 mm; outside: 20

mm cable- higher quality, smaller gEt}Tenuati(J)rt);;
« far end crosstalk(=FEXT): — A -
I b

measure amplitude on other cable,
increases simultaneously;

4

e near end crosstalk(=NEXT): NEXT I T -
. . - _| R I " N r
in other direction, backwards always smaller, b w T
higher conflict, more harmful;; —H— ~{a}—
R = Regenerator
sigral
T S - Insulators Outer shield
i /4 N\
SN e———t
2 WY SO
Wﬂ:@c S S
it NEXT signal B B vtes onA ; ,.L VY A
Sgrol canﬂuclnr
Pt - Quter conducter braided shield
- Inner conducter solid metal
@W’ - Separated by insulating material
0 - Covered by padding
c =
(b) Coaxial cable
Fc.aunlm - Resiing
{the lengih of e catic) FEXT

e characteristics of UTP cabl€AT6 (1 Ghit/s), attenuation (higher fr has hight),
propagation delay (speed: 70% of light), NEXT, FEXRL(= return loss), crosstalk
place on problem can be identifieglit pair: incorrect, will s A i

* structure of a coaxial cablgmner conductor (solid metal)- - 3
insulator (plastic disks separates)- outer condustueld); sevéral cables into coat

twin cable:1 coat, coaxial and twisted pair c]able together;; Claddtog
Electrica nal
- principle of optical cable: signal D:) ==+ i’f
. . gt~ o
o glass core (nl..refractive index)- 7 e

1 Jdght source Light detector
glass cladding (n2)- coat; o (-.m—/
0 n1>n2 (total reflection- to keep QAL. ..ounded by clsdding
— Laser or light emitting diode

InSIde Core WIthOUt IOSS), ‘ipenal.l.y dulgnsdg‘mked
light source (laser or LED)- cable-Ti hf:ad tector;

0
o specially designed jacket, small size and weightefdiameter: 125um;
0 glass has better attenuation (less dB/km) thartipjas
o typical core and cladding diameters (um): 8/123188, 62,5/125, 100/140;;
» type of mode propagation: rput Oupa wopo o] IS
o always narrow input pulse; = e .
0 mode step indexig diameter of n1, ﬁm TP j]
—— . : . . s U N
big dispersion, high speed, big attenuation, t

wide output pulse- for small distances;
0 single-mode step indextow, small attenyati

narrow output pulse- for high distancesﬂ T{I 'E: J’ :

0 multi-mode graded indexhanging reflection index, singi-oss st index

higher bitrate, higher attenuation, ——
not easy to prOduce, JJ @@@@_ ib.,n‘
small dispersion, not so narrow output Is!é(;

-5-
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intermodal dispersion coefficierid=dT/ L (group delay difference between slowest
and fastest mode/ length of cablefiromatic dispersion f G

i

principle of wavelength division multiplexing: n e el

different bitstreams at same time;; v Do

production of cable:

(0]

O O O0OO0OOo

A+A2+A3 V"z x‘\v

i

perform (core and cladding produced),

heater (melt glass),

string (pull glass, if slower than bigger diameter)
laser micro-meter (check diameter),

coater (get a coat),

ultraviolet curving system;;;

L -
| I
= 'nxm \
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RADIO:
* radio transmission medi&: bands and wave propagation modes, terressagg|lite
and indoor radio connection;
* media characteristics
o transmission parameters (path loss, delay, fadauyo interferences);
o reliability and availability — equipment and prop#ign parameters (lighting,
snow, rain, fog, smoke);
0 openness- interferences- privacy;;
* isit a technical issuertot only pure technical;
o radio communications usgen and common mesdiasing it means
consuming- management of radio fr is inevitable;
o environment pollutionfr police?;
o radio fr arelimited resourcesfr fees (good fr: low attenuation, not
sophisticated receiver, good propagation - alreahgumed);
0 propagation of radio waves do not consiplelitical borders fr management
is international process (CCIR, ITU-R);
considerablghysiological effect
o special constructiofregulated construction rules and building licenssy:
antennas);
satellite positionsre limited resources (good positions consumed);
o differential equations of elmagnetic propagateme quite simple (if plane
wave and free space);
but if real geographic situation, then extremeRjiclilt);;
» frequency bands:
o LF (=low fr, 30-300 kHz, not used),
MF (=medium fr, 300-3000kHz, radios),
HF (=high fr, 3-30Mhz, not used),
VHF (=very high fr, 30-300MHz, URH radio, TV broaakting),
UHF (=ultra high fr, 300-3000Mhz, also mobile),
SHF (=centimetric waves, 3-30GHz, in the future),
EHF (=millimetric waves, 30-300GHz, in the futubeit expenswe transmitter
and receiver);; priges:

(@)

(@)

O O0OO0OO0OO0Oo

» propagation modes and antennas: :
0 ground wave propagation:
= below 2 MHz, LF,MF; 1000 kms
» transmit antenna- signal propagafion- receiverrarap
= ground behaves as conductor- surface wave
0 sky wave propagation:

= HF (high fr= short wave); 1000 kms;s
= transmit- signal prop (to ionospherg”
and back to earth)- receiver antennam a3
= reflections; e

0 line-of-sight (=LOS) propagation: | Snal
= above 30 MHz, UHF,VHF,SHF,EHF; :
* in free space, po): Tranmi
rotH= jogoE, rotE= -jopioH; o
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0 plane-wave solutionspec case (receiver+transmitter compared to wagtig
E= 1/ joso* rotH= -1/ joeg* e* dldz H= -&/ joso* H,(-jp)e’"= Ecey;
el and mag field vectors are perpendicular fiegres/;
o free-space wave impedandg/Hy= B/ weo= gyOk(o/eo) — ratio of their
amplitudes constant;
0 characteristic impedanc&,= gyok(R+pL / G+joC);
o reflection coefficientr= Uy/Uo", 1= Z-Zy | Z+Zy;,
polarization:
o property of radiated elmagnetic wave;
o describes the time varying direction and relativagmtude of electric-field
vector;
o in generalelliptic polarized;
0 special casdinear, circuit polarization;
reflection:
o amplitude, phase, polarization of reflected waveetermined by material
parameters of medias and surface irregularity; ekt
0 magnitude of Earth reflection coefficient: ﬂ
» TI'=E/E (reflected/incoming),
= depends on incoming anghés( 0-97),
and fr (LMHz: earth is good mirror, Reved R g Rl
100MHz: not much reflection), RN
= consists ofljv| and I'y| (vertical and horlzomm ﬂ A A
0 consequence of reflectiotransmitted pulse= | '| : ,.'
received LOS pulse+ received multlpath puls Si;
fading: dP,= 20-30 dB; max amplitudes/c®; min: c/r*; b; \\ oo

_ e
attenuation of the atmospheric gas#espends on fr, rain féate;; A
propagation mechanismeflection, scattering, diffraction;; "

A AN Y
free space radio link (LOS): e Rrambenaiig

Pr= PrGy/ dnd’” * Ae= PrGy/ 4nd” * \°Grl/ 4r;

Pr..received signal,.transmitted power, G..gain factordsités/,

d..distance (inverse prop).£effective area of antennia,wavelength;». @ .
o loss is proportional to distance, the higher fr,lifgher loss; | @@«

o examplePs= k*P;/ &, if mobile: d= 3cm, P= 5W —g2 k*5555, if base
station: d= 30m, P= 50W —P k*0,0555, so 100000x higher power,
gain factor of antenna:
o0 demands on size (diameter)- the smaller size,rittalar gain;
o the smaller diameter, the bigger beam width /sugdét/ (degree)- angle
where antenna can receive signal;
good fr: low attenuation (loss), high bandwidth, beamlng;(ﬂar characteristics),

cheap or free, no interference, exclusive usage — g =

not existsing, only compromise of limitation;; T “‘\

radio link types: ‘ s
0 point-point connectionearth station- satelli *

earth receiver station; eg: ATM bank macﬁlne P

0 point-multipoint connectionearth station (= transmlttep)c* ;*’g‘ N
A L

by

satellite antenna- multiple receivers within fonp#® fr i f—- BN
eg. VSAT (point-of-sale terminal- banking, buylnga & = %%%“__aw'ﬁf
o cellular system e P m &

. !
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terrestrial microwave connections: et rnes 0P
o optically visible (LOS), p——— > G
o 30-50 km distance because/af A - ﬁ
the spherical earth; \

o top of the hills — limited;; —— ) Th kb bk s
satellite:parameters (coverage, delay, period) as a funofionbital he ht; _
has a definite height limit (if more, then it wouttbve form earth);. L ff‘f‘%

0 GEO (=Geostationary Earth Orbit85.863km at equator, AU *%

|

paraboloid

.i:'

very good position (it looks like stabile position the earth) E @3 TR
broad coverage (40% by one, with 3 satellites caeicearth}; §
F= GMm/F = mV?/r (G..gravitation, M..earth mass, m...sate gﬁth‘e rr)ass ,ﬁ’
force from earth and centrifugal movement is |Q,bbk1|umm - -
eg: Astrolink, Euroskyway, VSAT, televisigfi. e
GPS (=Global Positioning System) "is >
0 MEO (=Medium Earth Orbit): X
at 5000 to 12000 km, inclined to the equalpr [
0 LEO (=Low Earth Orbit): B S
at 500 to 1500 km, often in polar orbit,
not fix position, special movement, eg: IridiumoGalstar;,

(@)

o footprint: if GEO, then 17,5can be seen, can be focuse
o0 beam:problem if receives from 2 satellites;;
fr bands:the higher fr, the higher loss; e
o L (1-2GHz, MSS=Mobile Satellite Service), y mwm .
S (2-4GHz, MSS, NASA, deep space reseagéﬁ)“-“'* ECR |
C (4-8GHz, FSS=Fixed Satellite Service), re )
X (8-12,5GHz, FSS military, terrestrial earth exjpbton and meteorological),
Ku (12,5-18GHz, FSS, BSS=Broadcast Satellite Sejyic
K (18-26,5GHz, BSS,FSS),
Ka (26,5-40GHz, FSS, it has very high loss: 200; dB) o

O O0OO0OO0OO0Oo

cellular systems:
o cell: limited area where base station is situated,
1 ore more dedicated fr; -
in a cluster each cell has a separate
K= Ala= (D/ (gyok(3)*R)Y,
a..area of one cell, A..cluster area, BLHEPZ
D..distance between clusters (= dlstance betweldmvmh |dent|cal fr)
K..#of cluster cells, eg: K=7,
o function:radio propagation, traffic handling capacity —ccddite probability
how many calls are processed in an area;;
0 increase capacity:
» adding new channels (new fr),
fr.borrowing,
cell splitting,
cell sectoring,
microcells;; s 103
indoor wireless connectiostandards are IEEE based;
server- base station- wireless workstation (PClapbe; peer-to-peer (eg: BT);;;
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BEAMING: /nyaldbolas/
* network: 01

o terminals,
o nodes(fkt: multiplexing,
switching, signalling, demultiplexin g

)‘F

B
o links; —v—‘ Y

« SITA..airplane ticket booking in the world;  wswse |

» switch:temporary connection is constructed ] o T
between transmitter and receiver, circuit or packet |, Ratio A

- analogue modulation systems:
 AM (=amplitude modulation): i
the momentary amplitude of the carrier is propoglon ‘(“'“!’1'\\[“J'“*W‘“‘Ml‘”‘lll*”“'”U“'l‘l””'\)!f“”lirzW
to momentary amplitude of the modulation signal; ﬁr)lhl\Uﬂuh[hﬂ“mnllh||rl|lmr(ll+|lf|lu|||flhllnhrl\hllrll[ Il
u= [Uy+ Uncosmt)]cos(owt) —
u..modulated, W.carrier, U,..modulating, eg: 540kHz,,

Fihra

Mosulatail

mmmmmmm

T

\\"‘-_ — - .//'

* EM (=Frequency modulation): | I =3
the momentary fr of the carrier is proportional W““ mz ] ﬂnﬂ ﬂh”"ﬂ
to momentary amplitude of modulation signal; l| }[Lﬂ ity MIJ
u= U,cosfot+ do/on*sin(omt)] —
do/on..ratio of fr.stroke /Ioket/; time fkt: constant phtude, fr hlgher and Iower eg:
VHF /Hun: URHY/;;

A P

N i | AT AT

- digital modulation methods:

* ASK (=Amplitude Shift Keying): —Ifm”””“ |—,]H”W”l L
modulating like Morse telegram, 0..not, 1..modudate

definite fr> undefined fr (unlimited spectrum - /négyszogjedq; 3G, Wifi;;

—
« BPSK (=Binary Phase Shift Keying): — = ==

if change from 1 to 0, then change phase of sigmak | ]
more efficient; constellation diagram: 2 possibbsifons,

eg. old modems;;

*  QPSK (=Quadrature Phase Shift Keying): 1 §
ANANS NN NN
2 carriers: sine wave(Q) and cosine wave(l);

phase says: 0 or 1; AVAV VAVAYVAVANVAVAE =

modulated signal: sum of 2 components; : s s ar
10 Data

1 symbol: 2 bits; constellation diagram: 4 possﬂﬂsmons,, " .

01 k 11

« QAM (=Quadrature Amplitude Modulation): ... .. | . . @ ®
2 carriers: sine wave(Q) and cosine wave(l); ; (-
modulated signal: sum of 2 components; s
different amplitude and different phase for one g, . S
16QAM: 1 symbol is 4 bits (16 positions) — * °
in the same radiofr can transmit more bits;;

Consteliation diagram for GPSK

Conztedation diagram for &
rectanguiar 15-GramM

-10 -
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- multiplexing principles: T m— ]
+  switching:subscriber line- trunk line |)q:' — Il:)‘[f
(only for active calls); v ' L7 ! s —
. . 108 -
« multiplexing:how to put together | | aa
different calls (with different probabilities); ' |u [
P p
 principles to reduce transmission ol L
costs, to utilize higher bandwidth, framing andknag of mfo,,
 TDM (=Time Division Multiplexing):PCM (=Pulse Code Modulation frame: 125us);
o PDH(=Plesiochronous Digital Hierarchy)apan, USA, EU;
European PCM frame _— I Ewrdpai hierarchia:
| | leranc i arir [ El [¥] E3 L4 EE
39 1 ST e “'i“'““ “ 0064 2 ] 2 140 565
32 time slots x 8 bits x 8000 = 2048 kbit's sebowég M) 1 PCA = ARy 41 e
Bkl ekl I 0 4e30= 120 | 4u1200ag0 fixgsoepomn | 441920
.An]eri_c_a:_g__ﬂl_:M frame =t o === F = srmmimetrikus keibel =
| | | | ! | ’ ’ I T | | 'u-.‘:a:‘éu-.;;
(24 time slots x 8 bits + 1 bit) x B000 = 1544 kbil's arviieli kizez I kamialis kbl |
fildfelarim &5 mitho ks mdio
= fair kil

o SDH'(=Synchronous Digital Hierarchy):

» POH (=Path OverHead, control and supervisory info);

= bits are in VC (=Virtual Container, it contains: R@nd payload, can
be packaged into larger VC- multiplexing level);

= STM-N (=Synchronous Transport Modules- line sigeakl, eg: N=1,
then duration: 125 us),eqg: at ITK STM-16(2,5 GlfjSycaumgens ' o

= transport modules: 22
RSOH (=Regenerator Section OverH| ad)en
MSOH (=Multiplexer Section OverHeady; soiner

AU Pointer(=Administrative Unit,**" |° Sy
specifies where payload starts); | | wsoH
= General Transport Module: e
SUNET santch ST5-1 ATS-3 STa-11 STS-48 ST5-192
SDH sankck STAI-1 STM- STAE1G STM -4
W":L".:;;i’“‘r' 52 M 155 Miva 627 Mive 25 Ghis 10 Gbis
Wi ariiti 672 L::::Iletil -l Raaveval R
o SDH network e|em g ki [kdfel xrini & mm‘%

= DXC (=Digital Cross Connect, ~
permanent switch with SW, ; o
we can modify AU which
input/output can be connected),
= ADM (=Add-Drop Multiplexer,
huge container in/output), /
» TM (=Terminal Multiplexer, put togetheLEm
inputs into higher speed containers);
0 Vvariable bit-rate data transfer within TDM time-tdo
1 timeslot can be shared with different users;;

2-140 Mbit's

Slot1 Blot: .. 5
Fregquency 1 Circuit| Clreuit

FDM (=Fr Division Multlplexmas;.@ : i
sources have a fr band, eg: 3,1 Kzt = - il >

- example1lTDM/FDM channel archltecture IN GSM |, Feetmert: RSO =" Ttk

(fr domain: n timeslots; downlink and uplink path); = Frasene: i = o

- example2CableTV (8MHz bands; upstream band, : =

FM band, midband, superband, hyperband channels)juess» e -~ i

-11 -
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Spread Spectrum Concept: L _ ] e
CDMA(=Code Division Multiple Access): A p— =
o only who knows code can receive S|gnals o — Aeraedy
signal: s(t) has spectrum; B " =
COde C(t) Wlth SpeCtrumcE Aftes Modulation 7 ": . | i : N T
spreading: s(t)c(t e o > — p—
modulation: s(t)c(t)cos(t); e g | ot
(0] mOde|. "":.3 .' t "i) ] -
Mo ulabor| Channel . De- d i n‘“I’”I“h“:-ﬂrmdulwlur “‘:l . “:‘ '
foriad wer g2 gl =
ey CL]
Psendonoise Pacudonose ¢ ot
generator gencrator E. ”‘ i D g J
R e 4 &=
i 3 A =
0 FHSS (=Frequency Hopping Spread Spectrum i m
= some channels are allocated for FH;—iiilol,  ° L.

» transmitter: operates in 1 channel for flxed tlrlmm"val (To), durlng
that some bits are transmitted (signal elementsag interval of signal
elements (J);

= sequence of channels: dictated by spreading code;

» transmitter and receiver use same code to tunaisemuence of
channels in synchronization;

» transmitter:binary data- modulator (FSK or BPSK)- FH spreader
(pseudonoise bit source- channel table- fr syntleelsi bandpass filter-
spread spectrum signal,

» receiver:FH despreader (pseudonoise bit source- chanre} tab
synthesizer)- bandpass filter- demodulator- birtkata;

» slow FHSST>Tg, fast FHSST <Ts submit in different subbands to
avoid fading;;

o 1'1 1 0 @ -_I__I_I 18 1 1 8 8 0 0 6 @ 243 “I ll|l|lul1. |I| LU0 0 8 0 0 0 0 0 1 Nagt binary daia
. " 1 -F
o s i {
— ERASSSEmS— e i
== AMEL Y -
} ! 1=1-1=14-1-1 - pad
i@l i inpupute et i fufeted Mtk M et | " oy I
L] ] T L - = =T
o DSSS (= Dlrect Sequence Spread Spectrum)

s || | | = transmitter:binary data- modulator (BPSK)- DS
oot sonermea 11810010 110101101010011 spreader (pseudonoise bit source)- spread
stz [0 UL UL -

g N spectrum signal;

0110011001101 01110100011

Transmitted signal [ l | = receiver:spread spectrum signal- DS despreader
(pseudonoise bit source)- demodulator (BPSK)-

reeseasieaic | [ LU N L binary data;;

Locally generated

Gy g

Neewy | [

WDM (=Wavelength Division Multiplexing):

light has different colours- separate in fibrekefs to select colour;;
mixed;

-12 -
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- switching technigues: [ whching technology

circuit (telephony)- PSTN, CSPDN, ISDN;
packet(computer: TCP/IP)- PSPDN,

frame relay (variable length), cell switching
(fixed length)- ATM, DQDB); o) Garon) Cioon}

-

group switch:interconnects incoming and outgomggmeslots
time and space switch(=TST= time space tm@@) *%9
crosspoint control- well defined column and FoW=&2=
in the matrix — switches more users;
local exchangegroup switch and subscrlber s /
router: reads label of parcels, ;
structure: input buffer- central control
and switching unit- output buffers;

anal exchange

= Subscriber Group switch
&£ swl ch
| s —_—

packet switching:
0 connection-oriented:

subscriber switch, RSS

setup (setup packet with complete address, LCN(xlab@hannel Number)
stored in each node)- data transmission (only L&Neader)- release;
each packet has same route, same transmission delay

0 connectionless:

whole destination address is processed- lookgéerass toward destination,
not guaranteed then 1.packet comes 1., transmidsiay with big variation;

ATM (=Asynchron Transfer Mode): e |2 ' v | i [ var owm | Dl ‘
o cell switching principle; '
o fixed cell length |

(53 bytes: header(5) and payload(48))

o header: P

- NNI(=Network Node Interface; { o
inside network): User network inierface (UNI)
HEC (=Header Error Control),
VCI (=Virtual Channel Identifier,
fine level addressing),
VPI (=Virtual Path Identifier,
coarse level addressing- shorter |dent|ﬁbrs 2
connection-oriented transport);
- UNI (=User Network Interface, at terminal):
HEC, VCI, VPI, Generic flow control;

0 structure:incoming links- input stages- switghing stage-potistages-
outgoing links; 3—-'“ : -

Payload I Header |

signalling principles in circuit switching: R
subscriber signalling (tones, ringing signals)- o = | i
interexchange signalling (data packet); e Y ,
if prepaid card, then very sophisticated signaling W o | sl
network intelligence;;; | e = |
| -== | ety
Subscriber Interexchange ___I Convar witlon | |
signalling sugnalllng il _ s
,"""\‘r i [ -  — S . B G | [
) - — -—-.* } _ peemse [ =
gg—; - ]I I-":-w-sv"\' ----- |lg — 2= _‘.‘_:__::,_".\5,\.\_-.\._- = -
Tones D ata packet | | Paiems_ |
Ringing signals | .:v'w-- Complae |
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PSTN: Public Switched Telephone Networks, ISDN(=Integda$ervice Digital Networks);
* network components:

0 backbone networkdong distances, high traffic, interconnection otlas, eg:
tel, TV, filetransfer;
0 access networkdocal distances, interconnection of terminals kodl nodes;
0 network planningoptimal selection of position of nodes, dimensignof
node traffic handling capacity, link capacity Setileg technology,,
» topologies:
o fully connected
(less injured, high reliability), 4 Fuly Comn mmpw H,,Mwy
o bus (everybody sees everything S vk nd B g
data not at same time), “mw /\’\
o star (least cable), i O
0 ring, dual ring, o T
0 tree, et
o linear, % Snasas
o mesh (less cable, bur reliable), O e
o) hybnd” . Nodes @ —— Branches
* history: AT
o 1876: G.Bell patent of telephone, Edison: carbocrophone,
0 1878: Puskés Tivadar: 1.tel exchanging,
o 1892: 1l.automatic tel exchange;
o size of global te network: 2,4 billion subscriber;
o Hun: high technical level, almost fully digital networdgvered distance
between nodes max 100 km, telecom traffic conctgura,
in Bp, fault tolerant topology is required;; R T3, I Tl
* Dbasics:
0 2/4 wire for voice:
tel set- subscriber line- backbone;
2 wire simplex or 4 wire simplex (2 wire duplex}; . r
o feeding of circuit: DC line current: 20..60 mAd
(to subscriber, only if picked up), 48V,
0 access solutiondocal exchange;
= town: multiplexer,
= small village: RSS _
(=Remote Subscriber Switch), 5
» farm: radio (RLL); 3
0 backbone: £
= main cables (backbone)- ]
= distribution cabinets- 3
= distribution cables (distr)- i
= distribution boxes- 4
= drop cables, indoor cables (subscriber); Seomay | pion
* implementation: EEPal ol

MDF (=Main Distribution Frame)-
PCP (=Primary Cross Connection)->*"
SCP (=Secondary Cross Connectigip
DP (=Distribution Point);; '
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%
+ signalling basics: S @
0 telephone cajl ' Serupphasel = - S g
0 CAS (=Channel-associated Signalling) Shi
. . Brumbar “ta9g -
0 CCS (=Common Channel Signalling) S %
Fpingng rone _ | _Fioging 5 wa‘ Eiry
- T =
2 C‘mvvrsamnl"-.'
' LS
B cemmy @) " [ R e
O hook {CCS, 557 T -l
|f_ - {the connechion is cleared!
i % el Rl Jrasen
| Boumbgy +yzgy - sgnaing @ signaling D @
=== B kg _ ofmox (CAS)
i e =
Ackvesi cOmEE| # w -
P -1" -
kY e P
B R B L
sy chATge -t - it okt
e ey e - il Line
. Convargation -Fl H;Ma_ Tq:n-:l*
- T ’ g el o @-"’T‘!’""
i o . o e - - = -
i p| e
M N T e sret| g P
.= -
Apipase 0 _
Ltk = Conversalion -
e o forman
Lite sgnay — — e
Fessase G
- = = e | T
» ADSL principles:Asymmetric Digital Subscriber Line;
0 max download: 8 Mbit/s, up: 256 kbps,
o DMT(=Discrete Multi Tone) coding,
0 256 channels (1-5 for PSTN/ISDN,
32 for uplink, 218 for downlink); L ¥ TR
0 DSLAM(=DSL Access Multiplexey) pstunson  UPLINK DOVINLINK
e network structureshasic structures (star, multipolar, meshed, ),
eg: MATAV, PanTel;; s
Secondary sxchangs
j,.-«’f \\\ Backbone
: network e
Primany sxchangs kg
+ netwark
// ‘\\ \\\ A
Local
exchangs Apoess
netaork

NN

po
L \ Subscriber ]

» interconnection principlesnetwork- regional connection point- 3.rd network;;
costs and revenues (monthly fees and traffic bfeses);;;

waihs i kapokn pail

Harmadik Fél
habieata

Reponalis Zona

Vrgmmalis [eaing
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GSM: 80% of subscribers;
+ USA:
0 no USA level decision on applied technology,
0 concept: competition (AMPS, DAMPS, GSM, UMTS wordrallel),
0 state level service licenses;
o0 specification and standardization,
o free competition in the terminal market,
0 regulated service market;
» GSM specificationsince 1990, TDM, 125 channels, 1 channel (200kHgradling)
8 users, max 20W, speech: 13 kbps; w L
0 voice oriented service,
separation of terminals and subscription,
international roaming,
low bitrate speech coding,
high bandwidth utilization,
low power consumption in inactive mode, |

Local exchangs

authentication process, .
handover up to 200km/h, }é

0 outdoor and indoor coverage; s

» wireline: fix place, system with low intelligence can managealyze number (country
code, area code, number);

* wireless:no geographical destination, task: find- look galsition in HLR;;

- GSM network components:

e SS(=Switching System):

0 AUC (=Authentication Center, PIN, PUK- authenticaseibscriber- answer to
HLR);

0 VLR (=Visitor Location Register, copy of items oLR);

o HLR (=Home Location Register, databank, everybaaty lbgically one
(subscriber name, call number, kind of servicegment method, connection
status, location info, authentication info, PIN stired));

o EIR (=Equipment Identity Register, database bladlsdrom stolen,
unauthorized or defective MS);

0 GMSC (=Gateway Mobile services Switching Centearprfrother network);

o MSC (=Mobile services Switching Center, where | @ow- copy to VLR);;

*  NMC (=Network Management Center, centralized cdrdfmetwork, for long term,
system wide issues);

*  OMC (=Operation and Maintenance Center, computgtiesy, connencted to
MSC,BSC via data links, presents info on statusedivork, controls system
parameters, for short term, regional issues);;

 BSS(=Base Station System):

o BSC (=Base Station Controller, manages all theoreglated fkt, MS
handover, radio channel assignment, collectioretifoonfiguration data,
controlled by MSC);

o BTS (=Base Transceiver Station, antennas, towads) transmitter and
receiver, control radio interface to MS, controlsdBSC);;

* MS (=mobile station, consists of: mobile terminatiéSIM (=Subscriber ldentity
Module), subscription is separated from mobile teah) subscription info stored in
smart card);;

O O O0OO0OO0OO0OO0oOOo

-16 -



KOMMUNIKACIOS RENDSZEREK ALAPJAI — VIZSGA

Swilching Sysieiy | 55 ile services Switching Canfer
Authentication Canter
Visitor Location Register

Home Location Register ==l m E
Equipment Identity Register Wﬁ 8- I EIR|
{ ')

Gateway MSC

-

Other
networks

Base Station System | BSS ’ .
asc e MMC and OMC
Fd
-
-

""" Signaling transmission | Base station Contraller
l:‘,_ail a?l'mactiornslarl!d s ﬁ:{!:em'l'rl;‘anseema Station
SN Ty v ‘Operation and Maintenance Center
- GSM geographic structure: ‘“5 Wobile Station

e Cell: area of radio coverage by one BS antenna systsigreed to specific number
(Cell Global Identity);

* LA (=Location Area): group of cells, identity storiedVLR;

» MSC service areanumber, location is secret;

* PLMN service areé&Public Land Mobile Network): set of cells servegdone
operator;

« GSM service aregieographic area in which a subscriber can gaiesacto network;;

- functions: s

* MS states:

o idle (is on, call not in progress),

o active(is on and call in progress),

o detachedis off, no connection);;

» idle key terms:

0 registration: MS informs network that it is attached: power (ma,ns or
signal levels on control channel fr, measures s$ilgvals, tunes to strongest,
register in HLR: status to idle, store locatioroinf

0 roaming:moves around the network, scan the control chatwmeé to

strongest, inform network of new location;
international roamingmoves into not home network;
o location updatingMS inform network when enters in new LA,
locating: BSC function to suggest connection to another baléed on MS
measurement report;
0 paging:network tries to contact an MS by broadcastingsage containing

MS identity;

o handoverwhen call is switched from one physical channelnother;;
* identification:
0 MSISDN:MSRN (=Mobile Station Roaming Number) is the same;

CC(=Country Code), NDC(=National Destination Cod&)(=Subscriber Nr);

o IMSI-TMSI:temporary IMSI, local significance;

MCC(=Mobile Country Code), MNC(=Mobile Network Cogde

MSIN(=Mobile Station Identification Number);

o IMEI: TAC(=Type Approval Code, fits to GSM standardAXX=Final

Assembly Code, manufactures), SNR(=Serial Number);

0 LAl (=Local Area Identity): MCC, MNC, LAC(=Location &a Code);
0 CGl (=Cell Global Identity): MCC. MNC, LAC, Ci(=Celldentity);
o BSIC(=Base Station Identity Code): NCC BCC( Basei&@taColour Code);

2 digits 6 digits 1 digit

(@)

(@)

Maximum 15 digits

2-3 digits
-

National mobile number

International Mobile Station
ISDN number
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call from MS:

o

o
o

o

O O

basic handover:

KOMMUNIKACIOS RENDSZEREK ALAPJAI — VIZSGA

M: MSISDN—IMSI—»MSC/VLR-Address Pi‘,]_e_rr @
o 1. entering call routed to nearest )
GMSC (MSISDN); 77 R -
o 2.the network analyzes the MSISDN ,, / Mériru”‘
to find HLR, the MSC/VLR, ”S'SD", AN\ 7 pe
IMSI address is stored in HLR,; isongag) ©) [MsoIVER]} === é
o 3. HLR sends request to MSC/VLR @USRN->MSI N

(included IMSI);

4. MSRN is returned via HLR to GMSC;

5. GMSC routes the call to the MSC/VLR (by MSRN);

6. MSC/VLR retrieves /kinyer/ MSs IMSI,

7. MSC indentifies LA (using IMSI);

8. MS is paged in cells of the LA (LAI)- while pag only one MS answers;
9. MS responds, authentication, cipher /rejtjehesfle setting, IMEI check;
10. traffic channel connected from MSC to BSC $gigns fr, timeslot) and
the BTS;; e _

1. connection establishing with signalling
channel using RACH (=Random Access CHarret); o
2. MS indicates request (SMS, MMS, speech); )
3. authentication performed by MSC P o
(IMSI analyzed, MS marked busy in VLR); . m
4. ciphering mode is initiated, IMEI validated; =
5. call initiation (MSC receives a setup messagmeS including B
number); _

6. link established between MSC
and BSC to assign traffic channel,
7. call confirmation;

8. call accepted;;

o

O O0OO0OO0O0OO0OO0OO0OOoOOo

voice codinglin.comb of past speeches,
param.+errors transmitted, quantized, compres

t3] Ta rgei

. BSC send handover-required message to MSC (Bncho
. MSC asks target MSC to assist, target MSC aksca handover number;
. handover request sent down to the new BSC,;

. hew BTS activates a TCH (=Traffic CHannel);

. MSC receives info about the new TCH,;

. MSC passes info on new TCH from new BSC,;

. transmission network sets up a speech pattetndtv MSC,;

. handover command goes to the MS with fr aneégiot data;

. MS sends handover burst on new TCH;
10. target MSC is informed about successf
11. new path in the Group Switch is set up;;

)

OCoO~NOOUIhA~WNEPE

processingspeech coding- channel coding- bit interleavingergption- burst
assembly- modulation — radio waves — demodulatietay equalization- burst
disassembly- decryption- bit deinterleaving- chamieeoding- speech decoding;;;
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BROADCAST NETWORKS:

» program transportation networks (eg: Antenna Huayar

» terrestrial broadcasting (eg: Antenna Hungaria),

» satellite broadcasting (eg: UPC direct),

» cable distribution (Matavkabel, UPC);

» allocation: entry in the Table of Frequency Allocations ofieeg fr band for the
purpose of its use by one or more terrestrial acepadiocommunication services or
radio astronomy services under specified conditions

» allotment:entry of a designates fr channel in an agreed pldopted by a competent
conference, for use by one or more administrationa terrestrial or space
radiocommunication service in one or more iderdifteuntries or geographical areas
and under specified conditions;

e assignmentauthorization given by an administrator for a cestiation to use radio fr
(or radio fr channel) under specified conditions;

wie 0iwa 3000 i 3 300 W8 3000 Mx ¥ 0H:

LF
Low
Frog

Modium High Vory High Ukra High Super High
Frog Freq. Frequency Fraquoncy Fraquancy

MF HF \"HF UHF “ SHF

» fr bands for broadcasting: . _J B | _ iz
o the higher fr, the higher bandW|dft‘t‘ .T” o erter 3‘;.{:3“;,“;;;-0;5_:;5.,-'c"-m-:--.’
tr.capacity, but smaller area, more transmitters;
0 bands below 30 MHz are not suitable for multimeéivises, VHF is not
preferred by TV manufacturers;
o Radio Spectrum Policy Group prefer UHF 1V-V bandsliroadcasting;
problem:Hungary has only 3 terrestrial TV channels;
0 solutions:
= DVB-T (=Digital Video Broadcasting- Terrestrialgl of charge
service from Antenna Hungaria- nobody uses it),
= DVB-H (=DVB- Handheld),
= DVB-S (=DVB- Satellite),
= |PTV(=Internet Protocol TV from T-Online, set topx),
» Antenna Digital (digital cable TV without cable froSzéchényi-hegy,
12 GHz (microwave), EPC (=Electronic Programmingday Dolby
Digital sound, 100 channels),,
e changing on TV market:  rme = JEIET e

(@)

o few-> many providers, o @ g & S8 s

o analogue> digital, e .. at o

o broadcasb personal, = AR G- ﬁm%ﬁ
0 MPEG2> MPEG4,” _ K _

0 SD> HD (=High Definition);, & ﬁ ® . Strsar-alaps TV

e customized TV: ¥.
o broadcast:uses full bandwidth even if no user, =t :
100-130 analogue program, 6-8 MHz bandmdth*prog;;am "
o multicast:bandwidth according to actual usage, eg: IPTV;
0 unicast:stream based, limitless, 3,8 Mbps*used TVs, |seatching,
customized content for individual users, eg: VaBetshifting;;
» radio based digital multimedia systems:
o cellular: GSM, UMTS;
o terrestrial broadcastingDVB-T (high power transmission, large coverage
area, lower min signal level due to fixed antennas)
DVB-H (dense tr network, higher signal level, ifiéeences);
0 hybrid: satellite and terrestrial;;
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personal TV system: E Broadcast
o program time shiftingdigital broadcast and S == freie
through Stream Cahce- from there comes new stream); ooe.

the program can be seen from its beginning, pauseﬂ;;“|
instant playback, backjump, forward jump,
on one TV set can be seen real-time program é-_gj

on the other the stopped one; g

0 movies on demana@hoosing from a databank, pause, rew-ff, stawdigan
(once or unlimited within 24 hours);

o personal playlistEPG (=Electronic Programming Guide), order of Wwatg
programs can be chosen (even saved), RetroVue p&donal steams, child
control, blocking of programs;;

multimedia program distributiofnasic transport networks:

o traditional broadcastinganalogue or digital),

o dedicated data network for multimedia transp@RTV, T-home)

0 general networKinternet based, GPRS,UMTS);;

applications:

o file transfer:starting player:

= after complete downloading OR vl mada
= after content enough to avoid risk of empty bu@éet
= target is safety download and delay has secondgwgrtance;

o http streamingT..time, M..bits, r..estimetad bitrate, play if:<V*r,
problem: it has to be realized per frame, r camgba

0 media streaming: L
permanent playing has to be provided:;

o protocol layers:access network- IP- UDP, T m
packaging, synchronizing- = (raro1) media
audio decoder, video decoder, control, data fer"

0 interactive transfermost important: keep real-time, prompt start, rotime:

Letoltési puffer

Letoltési puffer,
ditter kiegyenlités

UDP

200 ms, but reliability is not so impopant;; . y compiee
Camera : Matrix :' 'AEMO&I.
{PAL, NTSC
' of SECAM)
television systems: o
o traditional: matrix: Y,R,P, o

|G ] Out
(brightness, colour difference Signdt) gemes (2o mm a0 o080 ] W68 ——

0o MPEG-2: compressionSDI (=Serial.Digital Interface);—=
MPEG-2:

0 intra-coding:relies on two characteristics of a typical imaget all spatial fr-
s are simultaneously present, the higher spatighérlower amplitude;
regularity>redundancy- analysis of 1 picture;

o inter-coding:relies on finding similarities between more pietgirnext picture
can be created by sending only the picture diffegenthe shifting process is
controlled bymotion vector(horizontal and vertical displacement value);;

MPEG streams: video! [ o] Vo
. Da | Encader [ PES[ | progam |  Program
0 elementary stream: Sidam
. . audio [ g 1 [ | Audio MUX o)
endless near real-time signal; Data | _Enonder 147" [T Pes
O program stream: b N _
variable length packets with headers; B , | arspon fn":?;?'a% ,
MUX ransport
o transport stream: Data—» Seca

PES packets are subdivided into short fix-size pt;lkasynchron;
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* MPEG structureY:Cy,:C= 4:2:2 because of human eye
interpolation from both sides;
o hierarchy:sequence, picturegroup,
picture, slice, macroblock, block; Trerrrrr B
o scalable bitrate\VHS: 1,1 Mb/s, HDTV: 14 Mb/s;; ;

e CaTV:
o traditional analogue system: satellite OR cableaddend (FDM)- distribution
networks (fibre)- house networks (coaxial);
o AMVSB TV sets,
0 set top box for receiving DVB programs (includingnabdulator, MPEG
decoder, descramble),
o internal fr plan with 8 MHz raster (free assignmehprograms to 8 MHz
channels),,
o low split system (5-55 MHz: uplink, 70-630 MHz: dmgue downlink,
630-862 MHz: digital downlink path),
in one 8 MHz channel (8 TV and 8 radio channels)
nominal impedance: 75 Ohms;
0 structure:felfiizéses, tap-off, star;;;

O O

R
sP
K’ TP

Head-end

UHF siv
cehler
1 ™
‘I'_' ) sP
Intanatioml _‘\F IE.
et ork s eproml networks

Headond siribution netwogks § _linz, dropi louse networks
| CATV ndwork
7

PRIVATE NETWORKS:

e Closed User Group, special purpose network, elyvaig pipeline, fleet (taxi group),
water management, energy systems, emergency serpmee, military, company-
wide, Global Company Network, Seat Reservation MetwBank;;

e main questions of planning:

0 new or present building (duration of building: 1y¥ars, of network: 10),

0 one or more places (standard interfaces, leasethged, backup lines,

independent technologies- more reliable),

o0 integrated or separate network (uniform, structhogizontal, vertical),

o fibre (10 Gbit/s, special, expensive, fits to epgde) or cupper (UTP to 100m:
10 Gbit/s, easy, cheap, fits not) or radio (300tdbexp) technology — price!,
choosing a structure (star, if reliable: meshedneation to public network),
o place and size of nodes, channels (regulated);
o critical: fodém attorése, power line, climatization;;

(@)
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» features:
o internal numbering scheme, addressing system;
o strictly regulated gateway fkt for interconnecttonother networks;
0 transmission: leased line or radio;
o multiplexing, switching, management, authenticatos private fkt; task
oriented service quality parameters (reliabilityahility, error rate response
time, redundancy, backup time); e e .
0 separated fr management;; iy
» exampleHungarnet:Pazmany is a member; rz;—
o for research and academic communlty.mx

(university, high school, museums); ~

0 governmental support; M:‘::. »
0 part of EU GEANT project; N AL e =
o transmission: leased dark fibre . e i =

e i

(multiple wavelengths at 10 Gbit/s, have backupdﬁnectlons)
0 switching and operation at Hungarnet (provided I\
o services of NIIFHBONE, ADSL, registration service (name, IP adgtgs
allocation), e-mail, web hosting, webpage, ftp, sgw T e
» planning principles: =
o fast, error free and reliable operation,
o ready system for any new technologies
0 popular test bed for system suppllers
0 no disturbing in outlook;
e conseguences:
o robust, multi-path external connection, Mé i
0 copper, optical, radio technologies in internal arternal links;
o over dimensioned and accessible duct system,;
0 structure:primary - (meshed) — secondary- third level; agdtand twisted pair

—— GSM

..., Radalins

panel; “Cable. | Appicatio | Which Petommer o tomsmision
» cable categories-7; T = Rk modecs
0 STP:Shielded Twisted Pair; 5 AT
o UTP: Unshielded Twisted Pair;; [ ™ ° 1oz
%‘\& = “\5%
= . & E 250 MHz L, 1o 0
+ impairments |n5|de the cable ' " oo roas
o IL (=Insertion Loss, attenuation, loss the signadexiences travelling down
the cable), Sl

0 NEXT (=Near End Cross Talk, what 1( +—— NEXT _ 'x. FEXT _—
comes out on near end of the other pairs), =
0 FEXT (=Far End Cross Talk, g e
what comes out on far end of the other pairs);- s
 impairments outside the cable: signal CE
gna =
0 ANEXT(=Alien NEXT, at near end...); T -
0 AFEXT(=Alien FEXT, what comes out on tfi& near efithe other pairs’
when you inject a signal on a pair in the centbles
e cat-6a:to provide more than 10 Gb/s, increased the twastied twist rates between 4
pairs, increased diameter, installed separatordotrolling pair position, 625MHz;
* 10 GBASE-TEthernet, IEEE 802.3ae, since 2006, horizontahpatible, for 100m;;
» Kkey issueshigher signal bandwidth, higher performance, noa@plex signal

procession, cancellation of FEXT, timing requirensent
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SZOLGALTATASOK:
- the Value Chain:sequence Of Content >Cog£?\rr'itc_g"d Distribution Prﬁ?&'ﬂ,}?m Edné!\;iléseesr >
business (each part is important); packaging

» content (music, film,
table, document);

e content and service packaging (origo, index, RTulKIKossuth);

e <& distribution&

e presentation/gateway (PSTN, GSM, broadcasting n&wo

« end-user devices (terminals, eg: TV, mobile);;

+ shift in the value chaircomponent supplief@rovides cable, chip, trapsister, SW) <
telecom/infocom suppliefprovides router, exchange, multiplexer, eg: I1Ed§co,
HP, Ericsson, Nokia) telecom operatoréprovides network, eg: Pannon, T-mobile)
< end-usergthey pay bills);;

- roles in service provision:
» electronic communication activity:
o transmission of messages in the form of electrsigjoals;
0 messagespeech, voice, music, text, picture, video, daalfimedia;
o eg: tel call within building, opening garage by madontroller, leasing dark
fibre, sending bitsdput not:receiving radio signals from a star;
0 requirements:

= content fidelity: same message, not distorted angkd, depending on
message type (spee¢h data; bandwidti=> bit error rate);

= acceptable delay: depending on message type, @omins services are
sensitive on delay(coding,packaging) and jitterigtéon in the delay);;

» electronic communication service:
0 activity for other entity for fee (service, facjljtfeature), needs 2 partners;
0 eg: local tel exchangbut not:entry on wireless station (it's free);
0 requirements:

= for real demand of users;

» affordable pricerfot: Iridium: LEO, global, works only outside,
expensive, alternative to GSM; HDTV: 1250 lineglr2 optical view
distance, 9 MHz);

» high penetration (attractive for many users);

= user friendly (easy to use, react quickly);

= continuous availability;

o traditional players:

* network operators;

= service providers (Hungary: same, eg: T-Com, Pannon

= operator partners (eg: access provider, collocatiomider);

» wholesale (/nagykereské&d eg: Media Markt: products sold in many
brands) and retail (/kiskereskediiszonteladd/, eg: Suzuki Hollos: not
own product, fix price) partners;

* end users, subscribers;
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o other players:
= content providers (eg: film studio, writer);

= content and service packagers (eg: origo, MTV1);

= service and application brokers (eg: service ceohtréth T-Kabel,
insurance companies);

0 cateqgoriesbased on user groupmt: network issues!

» public servicesavailable for anyone (cannot refuse request, bnly
technical conditions), based on uniform service d¢ants, subscriber
contracts;

» CUG (=closed users group service$PN (=Virtual Private Network:
uses cable, facilities, routers of public servicaviders);

= Interconnection services and access servisesrices for other service
providers, eg: call from Vodafone to Pannon;

e #

[

- service structures: iai
+ Teleservicesdefined at user Seaa PR R . T

interface, providing full I
communication between users (terminal- telecom odtwterminal), eg: telephone
service, emergency calls, SMS;

o from point of view of provider:

» basic servicesmandatory service element with minimal quality
requirements (eg: real time, understandable);

» supplementary service® make basic services even more usable, eg:
call transfer, conference call, automatic callbackousy, wake up
service, least cot routing service, credit carcedasall;

» value added servicegsy: bank transaction by phone, televoting,
telephone based donation;

o from point of view ofuser/ voice/ data and still pictures/ video/ nmédia;

* interactive serviceselephone, videoconference/ tel, voice conference/
interconnection 2 PCs for big distance, POS(=Pofr&es, paying
by bank card) transaction/ videoconference, tekapree/
videoconference including EKG, EEG, X-ray transmeissmultimedia
games;

* messaging servicegoice mail, e-mail/ voice mail/ telex,
EDI(=Electronic Data Interchange, eg: order sg ftd8A), e-mail/
MMS/ MMS;

= retrieval servicesllekérdes/ account balance, time table/ ua/ Web
browse/ downloading/ downloading multimedia shows;

= distribution servicescable TV, personalized news by fax/ telephone
news/ teletext/ cable TV/ video on demand, pay @~y

Bearer serviceshordozd/ defined at network interface, providgignal transmission
capabilities between network access points, e¢b@s unrestricted, structured
circuit mode, packet mode bearer service;;

network and terminal requirements:
0 Vvoice, music, videsensitive on delay (max 300 ms), jitter (max 3Q,ms
synchrony (lin-sync: lip movement and voice), etaerant (BER: 10);
0 gamessensitive on delay (max 10 ms), error;
o data, still picture:sensitive on error (BER: T, delay and jitter tolerant;
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- network intelligence:

* interactive services:

o PSTN/ISDNmandatory features of public telephone serviagegplémented
in switches)

available for public,

originating and receiving national and internatiarsdls,
access to emergency services,

provision of operator assistance,

directory enquiry service /tudakozd/,
directories /tel.kbnyv/,

public payphones,

legal interception /torv.lehallgatas/,

carrier selection /kdzvetitszolgaltatévalasztas/,
number portability,

itemised billing,

calling-line identification;

o0 IN: (=Intelligent Networks): concept for easy serviceation and provision:
terminal- access- network management (service Bingdatransporty~
service control (NI))- access- terminal;
standardized IN elements (CS1= Capability Servktﬂs)

a2y err‘ar)rrr”! r
shared cost services /kekszam/
premium rate services /emeltdijas/
virtual card /hl'vékérty P X ¥yt
prepaid card, | R
virtual private network

e orkmanagemem

universal personal number/szemLetth%- . vyt

~ Network
intelligence
Ser rvice. Lon <

freephone services /z6ldszam/, J—

Access :i -

Trans port

e

o GSM:supplementary services:

CLIP (=Calling Line Identification Presentation),

CLIR (=Calling Line Identification Restriction),

COLP (=Connected Line Identification Presentation),

COLR (=Connected Line Identification Restriction),

CFU (=Call Forwarding Unconditional)

CFB (=Call Forwarding on Mobile Subscriber Busy),

CFNRYy (=Call Forwarding on No Reply),

CFNRc (=Call Forwarding on Mobile Subscriber No&Rleable),
CD (=Call Deflection),

HOLD (=Call Hold),

CW (=Call Waiting),

BAOC (=Barring of All Outgoing Calls) /letiltas/,

BOIC (=Barring of Outgoing International Calls),

BAIC (=Barring of All Incoming Calls),

BIC-Roam (=Barring of Incoming Calls when roamingsde the
home country),

CUG (=Closed User Group),

AOC (=Advise Of Charge),

UUS (=User-to-User Signalling) /partner allapotkdrdezni/,
MPTY (=Multi ParTY Service);
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IP telephony:carriage of voice over IP-based networks irrespeaf
ownership;

service:PSTN- Internet telephony;

technologyPSTN (E.164- IP address) or internet tel (circwitched-
IP address);

defining VoIP (= Voice over Internet Protocol)oice traffic carried
wholly or partly using IP over broadband networkspeting with
incumbent operators — ITU Report 2001, Genova;

traffic: 15% of total minutes, subscribers: 5% aift;

shift toward flat-rate pricing (not data, not timeage);

Telefax:G3 (PSTN), G4 (ISDN), mobile fatynctions:

= call setup,

= data communication controlled by terminals,

» interworking based on standardised protocols,

» negotiations on transfer mode (discuss speed, cpding

= scan the document,

» data transfer in the agreed mode with adaptation,

= acknowledgement;
voice mail:

» boxes assigned to subscription or individual,

» indication on received messages,

= voice box, fax box, mail box — universal messaging;
SMS

= start and success in GSM network,

= available in PSTN networks as well (CLIP+);
IP_multimedia channelon packet-switched network (GPRS or 3G):

" VOice,

= presence,

* messaging,

» video sharing,

» push to talk,

» interactive gaming,

= content sharing,

» chat;

IMS (=IP Multimedia Subsystem):

finds other terminal and connects it with IP (GPEBGE, WCDMA,
WLAN, ADSL);

mobile terminal with IP connection- SIP (= Sesdiitial Protocol,
find and connect)- packet-switched network- SiPreoterminal;
layers: service plane (application servers)- control plgradl session
control function)- transport plane (connected td RSPLMN,
Internet);

announced 200%5ervices:

HSDPA,

POC (=Push-to-tal over cellular),

multimedia conferencing,

VolIP,

video sharing,

instant messaging,

gaming;;
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- network services:
« |eased line servicesn pipe level connected,;
0 transparent transmission capacity without switctiurgetion;
for operator partners to extend their networks;
for interconnection of network nodes;
for end users to access networks or services;
interconnection of private network nodes;
main characteristicsservice features,transmission parameters,intetjqes;
main classesanalogue/digital, 2wire/4wire, simple/observed/aged;
standardised serviceE€TS 300 488 2wire/4wire (ordinary quality voice
bandwidth), ETS 300 288/300 289 (64 kbit/s), ET8 308/300 247 (2048
kbit/s), ETS 300 299 (Nx155520 kbit/s);;
* interconnection servicesven on service level connected;
o call origination, call termination, call transit;
support services (eg: billing);
carrier selection services /kozvétfizolgaltato valasztas/;
standard solution for interconnection PSTN, ISDN &@8M- ETS 300 356;
peer-to-peer interconnection without detailed teadccounting;
mandatory for public networks;
technical, commercial and legal aspects;
critical issues: which services are supported? &/seinterconnection point?;
network operators with significant market power hagecial obligations;
reference interconnection offers are accepted byoaity;
all the accepted interconn. reference offer in Hug@re bringing to justice;
functions:local, regional interconnection points, eg: usatork- regional
interconnection point- service provider networlg{omal zone)- regional
interconnection point- other user;;
* VPN (=Virtual Private Network) servicepart of public network;
* network access servicesy: ADSL;
» billing services
« Centrex services(=Central exchange), type of telephone exchange,;

O O O0OO0OO0OO0Oo

O O0OO0OO0O0OO0OO0OO0OO0OO0oOOo

- services to gain content:

» telefonhirmond$1881, Puskas Tivadar, 14,5 hours daily for thodsanf subscribers
for 30 years, radio broadcasting killed it;

« content:the free flow of information and access to infotima are fundamental rights
of human. The European Convention of Human Rigtii@ize national bodies to
limit the harmful and dangerous content; protecthghildren and the dignity
/magasztossag/ of human being;

0 representation of violence in medfaee access (unencrypted), fee-paying
(encrypted), programming time;
o responsibleeditor;competent id debates concerning cont@®RTT,;
o illegal contentschild pornography, violent pornography, extremaemce,
incitement of racial;
limited contentstegally publicised to adults but might harmful fdrildren;
0 protection methods:
= markup with cooperation the content providers;
= classification of programs;
= anti violence V chip (Canada);
» [imited content only between 23-5 (Hungarian mdaka);;;

(@)
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TERMINALS, REGULATION:

- terminals:

parts of the network, but individual elements;
if no terminal, then no electronic communication;
commerced in normal shops and supermarkets, aredbbusers;
international standards are the guarantee of imtdsivwg and interoperability of
public networks and terminals (eg: tel set, modxmachine, set-top-box)- fitting
to the adequate international standard (RTTE dwe)t
have to be fit both to the networks and to thesiser
specification of terminal network interfaces is thek of service providers;
manufacturer is responsible to cooperate well wetwork;
requirements:
basic technical functions:
o main functions of PSTN terminaBORSCHT:
= Battery supply,
= OQOverload protection,

* Ringing,

= Supervision, signalling,

= Coding (ISDN, VolIP), %
= Hybrid (2/4 wire transformation), ==
= Testing; =

o functional elements of tel terminals:
= speech circuit (2 wire subscriber loop, separadioimnansmission and
receiving, termination, avoiding reflection,sidew,
= dialer circuit,
» handset,
* ringing circuit,
= display, number memory, message recorder, B-nudibplay, SMS
receiver;
o GSM terminal:
= microphone- A/D- coding- modulating- D/A- processiiRi-L)-
amplifying;
= earphone- D/A- coding (Viterbi)- balancing- A/D- BL
» keyboard, SIM card- system interface- receiverfinaitter or display
or memory; g
= battery;;

handset:
0 good matching to any normal head,
0 comfortable use,
0 good microphone position,
o ITU-T (=International Telecommunication UnicH)
well to 90% of adult users);
hands free terminal:
0 loudspeaker and microphone are mounted inside,
0 receiving and transmission sensitivity is definedependently from the
position of speaking person,
o0 protection against oscillation by half duplex mdaeeiving, transmission
separately- impossible to speak together),
automatic and fast changing or transmission onvetg
0 automatic level control;

ndation (fit

(@)
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» keyboard:
o uniform arrangement of figureadt as at computers),

o tactile mark on 5,
o specified characteristics of force-displacement,
0 acoustic feedback;
« display:
o 1-8 rows, max 24 characters, 9x7 matrix,
o min 1:10 contrast,
o backlight,
0 pro:icons;
» intelligence in terminals:
o calling services (last called numbers, call frommmoey, call by voice),
storing numbers (shortcut, into memory with nameindgucall),
barring calls (directions, locking keyboard),
speaking services (mute, level of voice, holding),
ringing signal (depending on caller, visual, vibrg},
o indications (called number, speaking time, pricetdog, signal strength);
» special requirements of elderly or handicapped geopl
o0 blind: standardized and single buttons (not with color);
o hard of hearing:connection to hearing aid /nagyothall6 készulékira
receiving gain (20 dB, with shock protection), Aagy;
o handicappedbooths /tel.fulke/, public telephones;
* public information terminals:
o multifunction services,
closed, robust (vandal-proof) construction,
very simplified usage,
applications:official affairs, travelling information, bankiragctions, ticket
selling, paying bills;
0 construction:no banknotes inside, touch-screen, card readamifging by
mobile, printer;
FOMA: Far-East 3G first introduced;

O O OO

O OO

- requlation:
» directive:very concrete impact into law order;

» requlation law in every country, eg: ADSL access point;

» electronic communications servidet parliament framework /vaz/ directive in 2002
(Hungary accepted in 2003. C. law; IHM, governnregulation, other laws) ;

o service normally provided for remuneration /ellesigaltatas/ which consists
wholly or mainly in the conveyance /tovabbitassiginals on electronic
communication networks;
including telecommunication and transmission s@wit networks;
but exclude services providing or exercising editociahtrol over content;
Universal Service Directiveone provider chosen- gives service everywhere
and other providers pay for its loss;

Access Directive

Authorization Directive;

Directive on privacy and electronic communication;

Unbundled access to the local lofegulation in 2000, new companies can
have local loops- new end-users);;

O OO

O O OO
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+ electronic communication requlation periods:

o

o
o

* new requlation in November 2007:

natural state monopoly:
= official price, supporting, controlled network tepterminals;
» poz: uniform system no need of control;
» neg: 20 years waiting for a telephone);
separating:in 1993: post, telecommunication, broadcastinficiaf areas;
privatizing:
= concessions, obligation of supporting and develgipin
= restricted competition, helping for new companiéth wherry peaking
(choose of users);
= obligation of companies with significant market pwtransparency,
equal treatment, same conditions, same quality;lwased prices,
controllability of fees, RIO= Reference Interconti@e Offer, RUO=

Reference Unbundling Offer);
/

= liberalizing the tool market;

= market failure- need of regulation
(network costs vs traffic density:
Erlang/knf);;

Traffic density (Erlang/km2) = basis

0]
o
0]

(@)

the sector is changing rapidly (VolIP, televisiorotigh broadband lines);
strengthening consumer rights;

reinforcing competition between telecom operatossr{er selection
/kdzvetit/, unbundling of local loops, number portability);

promoting investment into new communication infrastures (freeing radio
spectrum for wireless broadband service);

making networks more reliable, more secure (lessses, cyber-attacks);
new European Telecom Market Authority and natidelcom regulations
ensuring that market rules are applied consistgntly

e requlation issues in Hungary:

o

O O0OO0OO0O0OO0OO0OO0OO0OO0OOoOOo

regulation of fees,

usage of frequency, frequency assignment,
constructing supervision,

installation of radio stations, networks,
authorization of networks,
interworking and interoperability,
quality,

support for handicapped people,
collecting and handling data,

market analysis,

number portability,

choosing provider,

subscribing;;;
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VolP and ADSL:

- VoIP:
o definition:
0 Vvoice over Internet Protocol, phone service overititernetpot Skype!
0 people use as addition to traditional phone seyvice
o lower rates, but not telephone, because no comrmonegiservices (eg: no
directory);
» devices:
0 hard phonespower over Ethernet, G.711 and G.729a/b codeqtadgitter
buffer;
o cordless hard phonesvith IP interface on its base station, eqg: DECT;
o dialup hard phones:
= with a built-in modem (not Ethernet port),
= connection via a dialup internet service to a remailP server- self-
contained /fglen/,
» jt does not require PC or software, only a phone, li
= popular in countries with little broadband infrastiure;
o Wifi phones:
= with built-in WiFi transceiver unit (not Ethernetn which connects
to WiFi base station and from there to a remoteP\s#rver,
» it does not require PC or software;
Hard phones (voice and videayith video telephony support;
o Soft phones (only voice):
» |P telephone in software,
= requires appropriate audio hardware (sound caitd spieakers or
earphones and microphone),
= inferior to hard phones, but cheaper (or free);

o Soft phones (voice and vidgo)

0
e Skype:

0 a proprietary /sajat/ protocol VolP system using P2Peer-to-peer)
technique;

o free of non commercial use when using soft phoR€sto PC;

o offers toll access to PSTN via SkypeOut and Skypeln

o from the company that created KaZaA,;

* Kkey issues:
e SIP(=Session Initiation Protocol):

0 an agile, general-purpose application layer protémotreating, modifying,
terminating and managing sessions (= exchangetaftddween an
association of participants);
it works independently of transport protocols aypktof session;

0 users may move between endpoints, addressable lhplsmnames,
communicate in several different media (sometinmasiisaneously);

0 enables internet endpoints (user agent) to disamveranother and to agree on
a characterization of a session they share;

0 enables the creation of an infrastructure of nebtvhasts (proxy servers) for
locating prospective /jd@beli/ session participants;

0 user agents can send registration, invitation $giea and other requests to
proxy servers;

(@)

(@)
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o functionality:
= multimedia sessions (conferences),
Internet telephony calls,
multicast conferences (inviting participants),
media can be added to (or removed from) an exis@sgion,
supports personal mobility (name mapping, redioecservices
/atiranyitas/);
0 multimedia communication:
= user location (determination of the end system tadsal for
communication),
= user availability (determination of the willingnesiscalled party to
engage in communication),
= user capability (determination of the media and m@dirameters to be
used),
= session setup (ringing, establishment of sessicampeters at both
users),
= session management (including transfer, terminatradification of
sessions and invoking services);
o call session without proxynvite(=), 100 trying &), 180 ringing €), 200
OK (€), ACK (=), RTP data€,~>), bye &), 200 OK ©);
* Voice codec:
0 used to convert an analogue voice signal to digiealcoded version;
o vary in the sound quality (bandwidth, computatiam@uirements);
o each service, program, phone, gateway typically supgeveral different
codecs (when talking, choosing one);
o0 used to compress regular audio (16 bit, 8000 lsg};
o if on WAN, then compress as much as possible- empHckets- less audible
delay and lower risk of packet loss;
0 some devices, gateway providers offer only G.728cduses less bandwidth,
less CPU power);
o few phones implement iLBC,;
0 most phones offer G.711;
0 codec family:
= GIPS (13,3 kbps),
= GSM (13 kbps, 20 ms frame size),
= |LBC (15 kbps, 20 ms frame size; 13,3 kbps, 30 ras€ size),
= |TU G.711 (64 kbps, sample based, a-law/u-law),

ITU G.722, G.723, G.726, G.728 (16 Kbps),
ITU G.729 (8 kbps, 10 ms frames with short alganthelays, short
term filter (18" order LP (= Linear Predictor) filter), long teriiter
(adaptive-code book)),

= LPC10 (2,5 kbps),

= CELP (4,8 kbps),

» touse G.729 or G.723.1 have to pay royalty feailable to download
for education purpose only;

» Packet Loss Contrpl
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- ADSL:

* Asymmetric Digital Subscriber Line (downlink > upk, not because of grounded!);

* amodem technology, converts existing twisted-fgd@phone line into access path
for multimedia and high speed data communication;

e transmit up to 6 Mbps downstream, 832 kbps upstream

» crucial role over the next 10 years, no competiteadnology (fibre: too expensive,
radio: limited fr, not free outside);

* FDM (=Frequency Division Multiplexing), TDM (=Timeildision Multiplexing),
modulation, error control, flow control, scrambliigng O series) , signal processing,
adaptation, STM-ATM, trellis coding, in-service f@mance monitoring and
surveillance /felugyelet/, initialisation, handshakichannel analysis are mixed in
ADSL,

* modem and splitter and router in 1 box;

* ATM/IP network- DSLAM (=Digital Subscriber Line Aess Multiplexer)- twisted
pair cable- HUB- Ethernet- PC;

* max speed: 1500/384 kbit/s in 2004, 8000/512 ¢ e "
kbit/s in 2007, CEAA N

* in Hungary cables less, than 15 years old;; o ,

* key requirements:

o testloops- makeup and topolo@y '
ensure adequate penetration); e . L
o cross talk or steady state noise margm allow for interactions form other
DSL in a multi-pair cable);
data rateg(both line and payload);
impulsive or transient noise margfto allow for noise spikes, eg : ringing) ;
transmitter power spectral density lim{i® ensure spectral compatibility and
minimize unwanted RF emissions);
return loss(to ensure good line matching and signal powerstex);
line interface balancéto prevent EMC (=excessive field strength) profsg
framing and data scramblin@o prevent cyclo-stationary effects);
latency(to minimize delay, eg: for voice traffic);
jitter and wander(= high speed and low speed variation of delaynitamize
data loss);
start up protocolghandshaking);
warm/cold start limitgtime taken to synchronize and achieve relialie bi
transport- to minimize circuit unavailability);
line coding(to achieve efficiency in terms of bits/s/Hz);
o duplexing(simultaneously used for up and downlink, eg: tiflneecho
cancellation);
o forward error correction(to self-correct physical layer transmission esypr
o embedded operations and maintenafoe the transfer of service related
information, eg: QoS);;

O OO

O O 00O

o O

(@)
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« DMT (=Discrete MultiTone):

o

O O0OO0OO0OO0OO0OOo

copper lines have a fr spectrum of 1,1 MHz, whiah be used for data
communication under 2 main limitations (lower 4 Kttsed by POTS;
amplification isn’t the same in all frequencies);

divides fr range into 256 sub-frequencies from 64zKo 1,1 MHz;
carriers are situated in 4 kHz grid (DMT or 32QAMdulation);

data rate= number of channels * number of bit/ckeahmodulation rate;
theoretical maximum upstream= 25*15*4 kHz= 1,5 Vit

theoretical maximum downstream= 249*15*4= 14,9 NAhit

each sub-fr is an independent channel (own strdaigaals);

ADSL protocol defines a basic stream of data, wisdknown to both
endpoints in advanced (it enables to find the $igeBNR for each sub-fr; info
to split the data over sub-fr);;

* Code and error correction:

0]
o
0]

constellation encoding (16 state 4D trellis code) Reed Solomon coding;
decoding can be damaged, but decoder can rebtaldény reliable;
FEC (=Forward Error Correction): increases systelmlility;;

* Framing and Scrambling:

0 ADSL uses a specific framing method: the main frgsuperframe) is
composed of 68 ADSL data frames;

0 ATU-C (=ADSL Transceiver Unit-Central Office Endjreds a superframe
every 17 ms;

0 each data frame gets his information from 2 datéebsi{interleaved and fast
buffer), which are scrambled at a specific sequemuae efficient coding;;

* ADSL family:

0 ADSL (G.992.1, 1999),

0 ADSL2 (G.992.3, 2002),

0 ADSL 2+ (G.992.5, 2003, increases downstream ddéato 24 Mbps on short

loops by extending bandwidth to 2,2 MHz);
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WiFi, WIMAX, Wireless Home Gateway:

* ASK, FSK, PSK;
» Spread Spectrum Concept (inventor: Hedy Lamarrs &K= Fr Hopping Spread
Spectrum; slow, fast), DSSS (= Direct Sequencedsp8pectrum);
* hierarchy:
o WPAN(= Wireless Personal Access Network- BT, 10 madaad: IEEE
802.15, eg: notebook, printer, mobile phone);
0 RLAN(= Radio Local Area Network=WLAN- WiFi (subset stndard
working at 2,4 GHz), 150 m, IEEE 802.11, eg: corepsjt
0 WMAN /(= Wireless Metropolitan Area Network- WiMax, 50 kieEE
802.16, ETSI HiperMAN, eg: computer system);
0 WAN(= Wireless Access Network- WiMax mobile (roamingt fast
moving), whole country, IEEE 802.16e);;

- WiFi:
» frequency band<2,4 GHz (2400-2483,5 MHz), 5,2 GHz (5150-5350 MHgp GHz
(5470-5725 MHz);
» |EEE standardsrutto data speeds (with signalling, error coirept
o 802.11a (5 GHz, 54 Mbps),

o 802.11b (2,4 GHz, 11 Mbps),
o 802.11d, 802.11e (QoS for voice and video),
o 802.11f (IAPP= Inter-Access Point Protocol),
o 802.11g (2,4 GHz, 54 Mbps),
o 802.11h (DFS= Dynamic Frequency Selection, TPCs3mat Power
Control), ' - C : '

o 802.11i (security), ESzoveg beirasahoz kattlntse
o 802.11j (5 GHz, Japan), -‘ =
o0 802.11k (measurement), ¢ =2 -
o 802.11m (maintenance), : m ¥
0 802.11n (high speed, max 2*243-Mbp* [ — ‘3’2’.:...: .
o 802.11y (higher power up to 5 km);; u «—.

* chipset: . @
0 RFfilter; — - =
0 RF switch; -

o0 AR2112 Radio-on-a-chip for 2,4 GHz WLAN (Receivirsynthetizer,
transmitter, bias/control);
o ARb5212 Multiprotocol MAC/baseband processor (AD@G@ baseband,
MAC configuration control and memory, ext interfgce
0 EEPROM;
o External LED;
o PCI, PC card;
- WIMAX:
* Worldwide Interoperability for Microwave Access;
» standards which have the option to fulfil the prggmons: IEEE 801.16d, 801.16-
2004, 802.16€; ETSI HiperMAN;;
«  WIMAX profil: a tool has to dispose some properties to fuléltdthnical parameters
for WIMAX qualification (defined by WiMAX Forum);;
» frequency bands3,5 GHz (3410-3494 / 3510-3594 MHz), 5,8 GHz (53835
MHz);
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» authorizationif individual authorization, then no frequency féat technical norms
(eg: power) have to be kept; only 3,5 GHz band seéedividual authorization;

* usSage

of 2,4 GHz RLAN:

o

0]
o
0]

for industrial, scientific and medical tools (egcmowave, remote control,
alarm)- not controllable noise level, interference;

3. priority (no need of protection from interfereyc

limits only power levels (so usually usable for 18 but technology-neutral;
harmonized: 2400-2454 MHz, not harmonized (fromasajing power): 2454-
2483,5 MHz;

applications:BT (for 10 m), homeRF (for 50 m), WiFi (for 150 sglution of
RLAN, IEEE 802.11 standard), ORLAN (Outside Rad®N_not prohibited,
but has many disadvantages at this fr.band); fotANRsuggested 5470-5725
MHz;

» usage of 3,5 GHz WMAN: R mm m
o for point-multipoint structure; M g s st DRSS
o terminals can be only endpoints (cannot be B KR R KR

O O 0O

o

blokk = blokk = blokk = blokk = blokk
4 F- £ F3 irdm

used for mobile infrastructure); S T B - .
uses FDD (=Fr Division Duplex, separated = /o 0\ 0
into 5 two way(=duplex) 14 MHz blocks, T T [N
between them 3,5 MHz space) e
base stations are obliged to individual authororgti

terminals are not obliged to individual authori@atinot even to announce;
1. priority (fix placed or nomadic);

technology-independent (can establish WiMAX));

authorized users: Invitel, GTS, Antenna Hungariaghyhr Telekom, Pantel;

+ the IEEE 802.11 standard architecture:

o

O O 0O

o

13 channels,

US (=User Station, eg: laptop, PDA),
BSS (=Basic Service Set: access over a shared mgdiu
AP (=Access Point),

ESS (= Extended Service Set: completes
set of BSSs and interconnections of BSSs
by a DS network),

DS (=Distribution System, backbone
network);;

Media Access Control is mandatory for all
stations;

to assemble data into a frame including local askleand error detection field;
checks the frame address, performs error correotiathe frame,
disassembles the frame and passes it to the LU®gral Link Control);

the LLC identifies higher layer programs to harttle data and provides an
interface to these programs while performing flowd &rror control,

* 802.16 MAC:

o
o

o

point-to-multipoint, MAN, connection-oriented;

supports difficult user environments (high bandwjdtontinuous and burst
traffic, very efficient use of spectrum);

protocol-independent core (ATM, IP, Ethernet);

balances between stability and efficiency;
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CA: Collision Avoidance;

o the access methods differs from wired Ethernet (B8SN\D= Carrier Sensing
Media Access and Collision Detection) operation;

o wireless networks use: CSMA/CA (avoided rather cletd);

0 requires each station to listen for transmissiomfthe others;

o if channelis idle- no else is currently transmigsi

timing and power:

o all station clocks within a BSS are synchronizediime stamped beacon
signal received from APs;

0 stations employ 2 power-saving modes:

= awake:fully powered and can receive packets at any time;
» doze:informs AP before entering this mode, cannot rexpackets;

o stations wake up periodically to listen for bacamals (AP has message for it
or not);

beaconing:

o every 100 ms, all AP sends out a 50 byte frametémost ID for WLAN, time
stamp);

o time stamp is used to synchronize each statiooa ldock;

o the beacon message includes the speeds supporédel &ryd the supported
modulation technique;

o the USs listen to all the beacons received on esleaynel from APs and
choose the one that has the strongest signal,

access and transmission sequetragismitted frames may not receives successfully
due to over-the-air transmission;

o two way:data transfer®), acknowledgement of transfe¢{;

o four way:request to sendX, contains source address, destination address,
duration of transaction), clear to serd,(contains same information or
denial), data transferX), acknowledgement of transfe¢{;

media access methods for control of access to tinorie
o distributed:

= each US makes access decision independently;

= each station implements the DCF (=Distributed Coatibn
Function) protocol to determine whether there impeting traffic to
the AP, which must be avoided,;

» DCF uses a set of delays to assist in CA (IFS=rdhtame Space, then
Back-off), because the mobile network interfaced cannot
distinguish among noise, weak signal an own mesgagiea weak
medium of the air;

o centralized(=polling):

» acentral access protocol in BS controls which@tatan access the
network;

= stations need for a special service- identifyingrbelves as one of the
special PCF (=Point Control Function) stations;

o0 stations must cycle between PCF and DCF mode efisairéme-sensitive
transmission doesn’t block out all other typesrahsmissions;
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 MAC frame:
o format header contains protocol and control informatides(ination, source
hardware address, cyclic redundancy check for eietaction and correction);
o fields
= 802.11 protocol version,
= 802.11 frame type (control, management frame or det),
» data (destined or leaving DS),
» indicator (more frames are following or not),
» indicator (retransmission or previously lost frame)
= duration and connection ID,
= sequence control number,
= source and destination hardware address;
o LLC fields:
= common to all 802 networks,
= provides connectionless un/acknowledgement, cormmmectiented
network,
= contains the destination and source APs,
= provides the acknowledgement of each frame;
= no flow or error control mechanism,
= each datagram contained in a MAC frame is acknoydetent;
* Multiple Access and Duplexing:
o TDD: Time Division Duplex: DL and UL time-share the saRF channel,
dynamic asymmetry, not simultaneously transmit i@oeive;
o FEDD: Frequency Division Duplex: DL and UL on separatedRannels, static
asymmetry, half-duplex SSs supported, not simuttasky transmit and

n PS = (Symbaol Rata x Frame Langth) { 4

receive,
Downlink Subframe Uplink Subframse
IEEE 802.11 Erotocol architecture e N A 1 e T A A T
I | (I
i - Py
PS 0 e Adaptive T PS n-1
Euncfion (FCF) .| Framej2 | Frame Frame] | Frameje1 | Frames2 | __,
Distriputed Coardination Eunction (DCF)
oownuink ey
240z (246 [wee [2emm|aemn |240m i
Srenvsnmy | Dlsgt Red Crtnae- | Diest DE8ss e .
Hopping | Sequsnee| 1 and 2| ol Sanuense | Loy spesd UPLINK [ f |
Snead Spead | Mbis | FOM | Snsad | OFDM
Spestum | Snesmm 164 | Snestum | High sorsd . I
1and2 1and2 Mbis 5,5-11 1-54 frame
Mbis Mbis Mbis hbs

IEEE 80211 802.11a B02.11b 80211g | [PS— N Half Duplex Brminal #1
13-51m  40-124m  27-124m

" Full Duplex Capable User Half Duplex Brminal #2

- Wireless Home Gateway:
* to reach with each tool the broadband network;
» each tool has to be integrated and the services togpass to the abilities of the tools;
* eg: sharing multimedia content;
* network-independence and tool-independence (egkiadyof display);
* manageable tools from far away;
» detect and harmonize abilities of tools;
e eg: dual-mode mobile (GSM, WiFi);
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