Cap 3. Sisteme de acces prin cablu

Liniile digital de abonat (xDSL)
Sistemul cu cablu coaxial (CATV - DOCSIS)

Retele optice pasive (xPON)
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Sisteme de acces

Dupa capacitatea oferita:

- de banda 1ngusta (max 100kbps)
- de banda larga (>100kbps)
Tehnologii de acces:
- mediu ghidant: - linia de abonat telefonic (xDSL)
- cablu coaxial (CATV - DOCSIS)
- linia de energie electrica (Powerline)
- fibra optica (PON-FTTH)
- hibride (FO + xDSL sau FO + DOCSIS)
- radio: - 2G (GSM - GPRS/EDGE)
- 3G (UMTYS)
-4G (Wimax, LTE )
- WiFi (IEEE 802.11x)
- Bluetooth, Zigbee
- satelit (P2MP, MMDS, LMDS)
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Sisteme de acces

Aplicatii:
e Telefonie clasica (POTS) / VolIP
e Video

- Televiziune analogic (6MHz/ch)

- HDTV: - 4 fluxuri x 20Mbps =80Mbps
- DVR inreg 11.5 prog/sapt

- Video prin Internet
- crestere de 10x in 5 ani LOW AVAILABILITY
e Online Gaming

- jocur1 online multi-jucator

- Jocuri HD (54Mbps)
e Acces Internet

- cererile pentru banda in mod burst
- Prioritate mia scazuta decit alte servicii
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Arhitectura retelei de acces

Planul de utilizator
Planul de control
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xDSL

Standardizata prin I'TU.G.99x
Scop:
- utilizeaza perechi torsadate (grupate in cabluri)

- distanta 3-4 km fara repetor;
- banada de frecventa disponibila x10kHz ... x 10MHz

- debit binar comparabil cu DS1 (1.544Mbps) sau E1 (2.048Mbps);
- se poate adapta la modificarile conditiilor din linie

- utilizeaza coduri corectoare de erori
- exista cai cu intirzieri diferite — egalizare sau DMT

Tipur1 de DSL:
- HDSL (HDSL, HDSL?2, G.lite)
- ADSL (ADSL, ADSL2, ADSL2+)
- VDSL (VDSL, VDSL2)
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xDSL

o

24 and 26 AWG Cables

Motivatie utilizare xDSL
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- Zgomotul de fond (termic): alb si cu
DSmP = -140 dBm/Hz

- Evaluare distanta maxima pentru capacitate
maxima

- In realitate exista si alte zgomote (diafonie g

FEXT st NEXT si zgomote RF externe)
- Modemuri telefonice — debite mici:

V34—33.6kbps , V90—56kbps (PCM), 33.6kbps
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DSL MAXIMUM REACH
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xDSL

Arhitectura de referinta xDSL

- Switch sau

multiplex N i

CO: Central office - centrala

CP: Customers premises

TE: Terminal equipment - PC sau telefon

NT: Network terminal — modem xDSL al abonatului
NID: Network interface device

MDF: Main distribution frame - concentrator

LT: Line terminal - modem DSL al operatorului
Bucla locala: conexiunea CO-CP

——repetor— NID — NT — TE

________________

________________

- cp,
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HDSL (G.991.1)

- Sa inlocuiasca T1/E1 (G703), care utilizeaza perechi torsadate speciale;
- Mediul — cabluri telefonice standard, doua perechi;

- Foloseste compesatoare de ecou; Special Cable —- 6000 ft o less
- Distanta maxima 4km (fara repetor) e =—— i g
- Transmisie duplex 784kbps; |E_t544ops &——— 3|
- Cod de linie 2B1Q (£2.5, £0.833V);
Standard Cable -- 12000 ft. or less
- NEXT rgdus | =l T
- N}l pe.:.rmlte co-existenta cu alte ElZ e 53 €
aplicatii (voce); i Todtiiae HDSL Technology
Specially Conditioned Cables Required Uses Standard Telephone Cable
Meeds Repeaters over 6000 ft Mo Repeaters needed up to 12,000 ft.
Simplex Transmission Duplex Transmission

2|31c1+2,:_}\_\I | o1

+0833y p 90
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25V p "
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ADSL (G.992.1)

- Proiectat sa opereze impreuna cu telefonia analogica (pe aceleasi pereche)
- FDMA/FDD: -0 ... 4 kHz semnal telefonic;
- 30 ... 138kHz legatura ascendenta;
- 138kHz ... 1.1MHz legatura descendenta;
- Separarea cu filtre: splitter POTS
- Modulatii: - modulatia discreta multitonala (DMT)
- modulatia de amplitudine si faza fara purtatoare (CAP)
- DMT: - subcanale de 4.3125kHz, 32 ascendent, 256 canale descendent;
- modulatie QAM cu 16 simboluri (8¢, 4ampl );

QAN Consteliation

“ hit) Semnal receptionat
° * * TPOTS Ascendent Descendent
Zgomot + rezerva
e Ll o :
- > & - Zgomot fundal
1. M-
V| \ \ »
& & v
T 4kHz 138kHz 1.1MHz  Frecventa
(Subpurtatoare)
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ADSL (G.992.1)

- Legatura ascendenta:
64kbps ... 640kbps;

- Debit binar:

- utilizeaza banda inferioara, atenuare mica — modulatie multinivel;
- are NEXT mai mare (necesita compensator de ecou);

- Legatura decendenta:
8Mbps (< 3 km), 1.544Mbps (< 6 km);
- frecventele superioare ale benzii,

- Debit binar:

- atenuarea creste cu distanta — se scurteaza banda utila;

- debit binar _
in functie de param DLl DI Lungime (km) | @ fir (mm) | AWG
(Mbps)
cablu;
1.5sau 2 5.5 0.5 24
1.5sau 2 4.6 0.4 26
6.1 3.7 0.5 24
6.1 2.7 0.4 26
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ADSL (G.992.1)

Avantaje:
- Utilizare pentru acces rezidential;
- Foloseste liniile deja instalate, co-existenta cu telefonia fixa
- Asigura un debit descendent maxim de 8 Mbps

Dezavantaje:
- Debitul ascendent este mic 640kbps;
- Distanta influenteaza debitul maxim;

- O varianta ADSL — G.light

- debitul maxim descendent 1.544 Mbps;
- eliminare splitter POTS + prelucrare de semnal mai facila;

ETTI - RITc 2013
Curs TRAFM Chap 03
sl. dr. ing. Adrian Florin Paun p. 11



ADSL (G.992.1)

Protocoale:
- Cadrul ADSL dureaza 6 ms;
- Supercadrul = 68 cadre + sincro

ADSL FRAME

Fast Byte Fast Data
Buffer Contents | FEC| INTERLEAVED DATA

G P . J
Y '
FAST BUFFER INTERLEAVED BUFFER
- +— | Frame
0 |1 | 2 |... 34 35 ... 66 | 67 | >YnC
/ / / \ Sym
/S / \
CRC OAM OAM OAM No User
Data
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ADSL Light (G. 992.2)

- Proiectat pentru simplificarea instalarii si reducere costuri;

- Rate binare mai mici1 , distanta mai1 mare

- Debit descendent 1.5Mbps; Debit ascendent 500kbps
- DTM 128 tonuri, 8biti/ton (256-QAM)
- FDM cu corectia erorii optionala (FEC)

- Management de putere

- Nu necesita splitter (c1 optional doar filtre distribuite)

/\

DSL
Access
Mux . T DSL
Splitter Splitter Modem
POTS l
Switch Phone
Access = : =
Mux 5pliTtEl‘ I m Mlodem IHPF Mlodem
Pors | |
Swite
R Distributed Splitter Splitterless
ETTI - RITc 2013
Curs TRAFM Chap 03
sl. dr. ing. Adrian Florin Paun p. 13



ADSL 2 (G.992.3 / 4)

- Banda de frecventa

- legatura ascendenta : 0-276kHz ; debitul binar 1Mbps;

- legatura descendenta : 0-1104kHz; debit binar I0Mbps;
(50 kbps mai mult fata de ADSL / cu 200 m mai lunga legatura)
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HDSL 2 / G.SHDSL (G.991.2)

- Utilizeaza o singura pereche torsadata;

- Foloseste cablu 24AWG

- Schema de modulatie OPTIS (Overlapped Pulse Amplitude Modulated
with Interlocked Spectra)

- Debitul descendent 1.544Mbps (<4km) s1 384kbps (<7km);

- Debitul maxim pe distante scurte 2.304Mbps cu negociere (G.hs);

- Ofera suport pentru mai multe legaturi telefonice pe acelasi cablu;
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VDSL (G.993.1)

- Suporta rate binare simetrice si asimetrice
- debite simetrice 13, 26, 52 Mbps;
- debite asimetrice: 52/6.4 Mbps; 26/3.2 Mbps; 12/2 Mbps; 6/2 Mbps;
- Banda de frecventa 1,1MHz — 12MHz (evita frecv < 1104kHz)
- DMT 256 subpurtatoare
- Alte facilitati:
- management dinamic al spectrului
- cooperare intre perechi
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VDSL 2 (G.993.2)

- Definite mai multe profile

Table 1.1: Profile derails of VDSL2

Profiles Ba,Bb,8c and &d 12a, 12b 17a 30a
Bandwidth 8 MHz 12 MHz 17 MHz 30 MHz
Tones D/5% 1971 2,770 4,095 3,479
Tone Spacing KHz 4.3125 4.3125 4.3125 B.625

Tx Power D/S dBm +17.5, +20.5,+11.5 +14.5 +14.5 +14.5
Data rate 50 Mbps 68 Mbps 100 Mbps 100 Mbps

Criteria VDSL2 Benefits

Bandwidth VDSL1 ] 12MHz Much higher
- Banda de frecv 20kHz — 30MHz performance for
short loops
- Comparatie VDSL1 — VDSL 2 [xrelis sra T e ——
GCl performance
Long Reach 1 1km 90% customer
VDSLT I reach + single
technology
ADSL Reuse existing
Compatibility VDSL1T WNane | ADSL
infrastructure
Quality Of N Enable
Service (QoS) WOl e Triple - Play
applications
ETTI-RITc 2013
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VDSL (G.993.1)

Exemplu de alocare a spectrului pentru variante VDSL

256 “tones” of 4.3125 kHz across 1.104 MHz

N
- I
138 kHz or 276 kHz 138 kHz or 276 kHz
\/ Comprised of: \/
aost L] o ame > 0000 MONOOCOONCNNE
H_J - J
Up Down
ADSL2" u 0.138 to 2.2 MHz 0.138 to 1.1 MHz
/\
// A . \306
Y — —~ 17a
a - \8(abcd)12(ab)

VDSL2

(E.g., ANSI-30a) 375 \5.2 17.664 23 30
MHz | \MHz MHz MHz MHz MHz
& Upstream.
D3 O Downstream
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Comparatie xDSL

- Alocarea benzilor de frecventa pentru tehnologiile xDSL

PSD, [d8mitz]
POTS,

BA-ISDN ADSL,US HDSL/SDSL ADSL, DS ADSL DS power leakage
w4
| |
|
60 ‘ |
|
VDSL
B0 ‘
e F. MHz
1 T
o 0138 0.2 1.1 12
|« N
| The main VDSL frequency range 'l

—DSL Efficient Mode (usually applied for FTTEx )
— ADSL Compatible Mode (usually applied for FTTCab )
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Comparatie xDSL

- Exemplu de masca pentru densitatea

dBmHz

A0 - y
L
.51 4 e N

spectrala de putere

M2, CO-based

M1, Cabinet-based

N

\ / ADSL-compa nhl&

0 \ (TS
i “q"DSL-eEﬁnem
(T1E1.4) us
. | R
| ! i I I #
138kHz (.5 MHz LIMHz 20MHz3SMHz 7O0MHz  |4MH-  30MHz
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Comparatie xDSL

Description Wire | Data Rates Reach | Application
Pairs
HDSL | High bit-rate DSL | 2 1.544 Mbps 12 kft. | Businesses settings.
(784 kbps on each pair) server access.
traditional T1 roles
ADSL | Asymmetric DSL | 1 Downstream: Residential
8.448 Mbps 9 kft Internet/Web
6.312 Mbps 12 kit | access. limited
2.048 Mbps 16 kit | Video on Demand
1.544 Mbps 18 kit service
Upstream:
16 to 640 bps
G.Lite | Splitterless DSL 1 Downstrean: 18 kft. | Residentfial
1.544 Mbps Internet/Web access
Upstream:
512 kbps
HDSL2 | High bit-rate DSL | 1 1.544 Mbps 13.2 kft | Business settings.
2" Generation 384 kbps 22.5 kft | server access.
traditional T1 roles.
high quality video
conferencing.
mutliple voice lines
G.shdsl | Generalized 1 2.304 Mbps 13.2 kft | Same as HDSL2
HSDL2 384 Mbps 22.5 kft
VDSL | Very high bit-rate | 1 51.84 Mbps 1000 ft | Fiber to the
DSL 12.96 Mbps 4500 ft. | Neighborhood
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Comparatie xDSL

- Debit binar maxim
- Lungime maxima a cablului
- Banda de frecventa necesara

Bit-rate
(AIbit's) y

Required bandwidth:

|VDSL S2Mbit/s DL 80kHz=
HDSL  300kH:z

ADST. L IMH=
VIDSL 10-300IH=

VDSL 15Mbit's

\R_DSL 13Mbit/s ADSL 8Mbit/s

\ / mi/}-- 2Mbit/s

HDSL2cp  ®———5_ DSL (160kbit/s)

| | | | | | 1 |
I I I I I I I I =

0.5 1 1.5 2 35 3 3.5 4 range (km)

=
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Imperfectiuni xDSL

Surse (tipuri) de zgomot

- Zgomot de fundal (background) alb: -140dBm/Hz

- Zgomot de radiofrecventa: AM, HAM — radiodifuziune de amator1 (ANSI)
(1.81-2MHz, 3.5-3.8MHz, 7-7.1 MHz, 10.1-10.15MHz, 14-14.35MHz,
18.068-18.168MHz, 21-21.45MHz, 28-29.7MHz)

- Zgomot de tip implus

- Diafonia: - NEXT (¥, -nr de sist. distribuoti66 cudsp P; , f—frecv.in Hz )

N0
B\/EXT(f ):KNEXT'f 3Q(ZNZ' B(f )0'6) » Kypyr=—50dB la 1 MHz
- FEXT (L lungimea liniei, H(f,L) functla de transfer)

Bt (/)= K pgar L H( L (ZN P(f j ,K,...,=45dB la IMHz+1km

. L >
- Zgomotul total: G =0 on +O0 vy T rerr
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Imperfectiuni xDSL

Modelarea NEXT si FEXT @2 R Aeee |

- —
|_T cide NExT.‘}. FEIT __I: _J:EPZT '/-:EHT NT zide

Mfm@%moc\ﬂ

eguivalent downsream equivaient
disturber » disturber
atLT side at NT side
g | - upsmream R
DS disturbers . IS disturbers

.
Atenuarea — in functie de distanta B e |
si sectiune conductorului R 1000m TP1

TP1 = 0.4 mm (AWG26)
TP2 = 0.5mm (AWG24)
g-ao- e
E—Sﬂ— T,
| :
S T T S S T T

Frequency (MHz)
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Comparatie cablu metalic (Cu)

Comparatie sisteme de acces cu perechi torsadate / coaxial

Acronim | An | Modulatie Nr Debit asc | Debit Desc Spectrul
Perechi | (Mbps) (Mbps) (Hz)
T1 AMI 2 1.544 1.544 0 - 1.544M
E1 HDB3 2 2.048 2.048 0 —2.048M
ISDN-BRI | 1986 2B1Q 1 0.16 0.16 0 — 80k
Analog-
MODEM 1 0.56 0.56 0 -4k
HDSL 1992 2B1Q 2 1.544 1.544 0-370k
0-300k (V)
HDSL-2 TC-PAM 1 1.544 1.544 0-440k (D)
0-130k (V)
HDSL-4 TC-PAM 2 1.544 1.544 0-400k (D)
25 - 138k (V)
ADSL 1995 DMT 1 1 8 25 - 1104k (D)
ETTI-RITc 2013
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Comparatie cablu metalic (Cu)

Acronim | An | Modulatie Nr Debit asc | Debit Desc Spectrul
Perechi | (Mbps) (Mbps) (Hz)
SDSL 1998 2B1Q 1 2.312 2.312 0-700k
. 25 k- 138k (U)
G.Lite 1999 DMT 1 1 1.5 25 k- 552k (D)
25k - 138k (U)
RADSL CAP 1 1 8 25 k- 1104k (D)
G.SHDSL | 2000 | TC-PAM 1 2.312 2.312 0-400k
VDSL 2002 | DMT / QAM 1 13 22 25 k—12M
0 — 276k (V)
ADSL 2 | 2003 DMT 1 1 12 0- 1104k (D)
0 — 276k (V)
ADSL 2+ | 2003 DMT 1 1 24 0- 2208k (D)
EFM 2004 DMT 1 10 10 25k— 12M
Cable 10-30Mbps
modem
ETTI-RITc 2013
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Comparatie cablu metalic (Cu)

Acronim | An | Modulatie Nr Debit asc | Debit Desc Spectrul
Perechi | (Mbps) (Mbps) (Hz)
VDSL 2 | 2004 DMT 1 15M 55M 25k-30M
VDSL2 | 2005 DMT 1 100M 100M 25k-30M
ETTI-RITc 2013
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Cablu TV - DOCSIS

- Se utilizeaza cablul coaxial (TV prin cablu), FDD cu amplificator
bidirectional;
- CM (Modem de cablu) : RF < TV analogic, telefonie analogica, date;
- CMTS (Cable Modem Termination System)
- Utilizeaza Cadre MPEG
- Separarea serviciilor (TV/date) se face in frecventa - FDM
- Banda divizata in canale de 6MHz (USA), 8MHz (EU) = canal TV
- Rata binara legatura descendenta = 30Mbps
- Rata binara legatura ascendenta intre 300kbps - 30Mbps
- Standardizare : DOCSIS1.0 (1998) / ITU-T J.112
DOCSIS2.0 (2002) / ITU-T J.122
EuroDOCSIS
DOCSIS3.0 (2008?7?) / ITU-T J.11272?
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Cablu TV - DOCSIS

- Se utilizeaza cablul coaxial (TV prin cablu), FDD cu amplificator

bidirectional;
- Modem de cablu (CM) : RF < TV analogic, telefonie analogica, date;

Spectrul cablulu1 TV
- 50-550MHz rezervati pentru TV analogic (USA)
- Banda divizata in canale de 6MHz (USA), 8SMHz (EU)
- 20-50 MHZ pentru legatura ascendenta
- 550-580MHZ pentru legatura descendenta
- Schema de codare : concatenare serie: Reed-Solomon + codare trellis
- BER acceptat 1e-8 E/ N, > 23.5 dB (64QAM), 30dB (256QAM);
- Intirzierea de grup = 75ns;
Rate binare (DOCSIS 2.0):
- descendent: 26Mbps (64QAM — 5.057MHz + interval de garda) ,
38MBps (256QAM — 5.4MHz)

ETTI - RITc 2013
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Cablu TV - DOCSIS

Modulatii utilizate, largimi de banda si rate binare legatura ascendenta

Modulatia Banda Rata Versiunea std
binara

QPSK 1.6 MHz 2.56 Mbps DOCSIS 1.0/1.1

16QAM 1.6 MHz | 5.12 Mbps DOCSIS 1.0/1.1

QPSK 3.2MHz | 5.12 Mbps DOCSIS 1.0/1.1

16QAM 3.2 MHz 10.24 Mbps DOCSIS 1.0/1.1
32QAM 32MHz | 12.8 Mbps DOCSIS 2.0
64QAM 3.2MHz | 15.36 Mbps DOCSIS 2.0
16QAM 6.4 MHz 20.48 Mbps DOCSIS 2.0
32QAM 6.4 MHz | 25.6 Mbps DOCSIS 2.0
64QAM 6.4 MHz | 30.72 Mbps DOCSIS 2.0
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Cablu TV - DOCSIS

- Modemul de cablu se 1dentifica cu o adresa de 16 biti (Service ID - SID)

Semnalizarea in protocolul DOCSIS

- Cadre MPEG-2 (188B): 184B date + 4B header

- Mesaj de sincro (clock sinc) 613 mesaje/s;

- O sursa pe legatura descendenta

- multiplexare pe sensul ascendent — TDMA (in minislot)

- 1 minislot = 8 ticks, 1 tick = 6.25us

Latimi de banda utilizate pe legatura ascendenta:
200kHz, 400kHz, 800kHz, 1.6MHz, 3.2MHz, (QPSK, 16QAM)
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Cablu TV - DOCSIS

Stiva de protocoale DOCSIS

o ) 0SI Model DOCSIS (Data over Cable)
- Servicii de transport TCP si UDP; prE—
- Servicii IP (nivelul 3);
. Presentation it
- LLC conf standardului Ethernet; - DOCSIS
. . . = Control
- Subnivel de securitate: autentificare, SR Messages
autorizare, criptare; Transport _—
- MAC cu PDU de lungime variabila; et P
- Incapsulare MPEG-2, legaruta descendenta; _ JERE D2
. . Data-Link DOCSIS MAC (MPEG Frames-
- Sublayer PMD (physical media dependent); Downstream)
- ACCCS multlplu TDMA (ascendent) Upstream TDMA | Downstream TDM
- TDM (descendent) Firiickd Digital IF Digital RF
y Modulation Modulation
HFC {Hybrd Fiber/Coaxial)
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Cablu TV - DOCSIS

Stiva de protocoale pentru CMTS s1 CM
- Asigura transfer bidirectional transparent pentru trafic IP;
- CMCI — interfata CM cu dispozitivul utilizatorului (switch, router);

- CMTS-NI — interfata dintre CMTS si reteaua de date;
- Interfata RF — intre CM s1 CMTS pentru semnalizare

- BPI — interfata de securitate dintre CM s1 CMTS

CMTS Stack CM Stack
CMTS repeta innapoi e =
toate peChetele de Farwarding S0 2000 LG BOZ 2/00X LLCTr HI'I-‘.-I'.GI".':‘I'H!
1 Dala Brcging HE'EELDM
broadcast, iar CM Link Link Secirily Lirk Sacurily e
C Layer
elimind pachetele e T T 02 30X
cu SA corespunzatoare; Sy Loy [upstn| m‘j
. | [ et
PID il
- |—r
Interfata Interfata RF Interfata
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Cablu TV - DOCSIS

Stiva de protocoale pe interfata RF (DOCSIS 2.0)

Nivelul Data Link:
- LLC/DIX

SNMP rETP DHCP

- subnivel de securitate i

- subnivelul MAC : defineste cite un flux de .
transmisie pentru fiecare CM; 1P, 1CMP

ARP

Nivelul fizic LLC/DIX
- legatura ascendenta: FDMA + TDMA (un CM '

Link

primeste un canal de frecventa + un slot temporal) Seeuty

sau FDMA + S-CDMA (mai multe CM-uri1 transmit MAC
in acelasi canal de frecventa cu CDMA sincron); [

Transmission

Transmisie in rafale (burst) Comwamanch

{(Downstream Only)

Modulatii utilizate: QPSK, 16QAM, 32QAM,
64QAM;
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Cablu TV - DOCSIS

Legatura descendenta
Downstream transmission convergence sublayer (DTCS) permite multiplexarea
de video si date care PMD;
Incapsulare: cadre MPEG-2 de 188B (4B header + 184B date )
Posibilitati un cadru MAC in mai multe cadre MPEG sau mai multe MAC
intr-un MPEG
Accesul la canalul ascendent (al CM) este controlat de CMTS (cu algoritm de
alocare) prin transmiterea mesajelor MAP : in ce minislot transmit anumite CM-uri,

Care sunt minisloturile de acces concurent si care sunt de oportunitate pentru
inregistrarea CM_urilor la CMTS. | transmitted on downstream channel by the CMTS

CM cere CMTS un numar de minisloturi \

pentru ascendent si trimite SID-ul.
Mesaj MAP = header fix + nr variabil

permitted wse of the upstream channsl

[E (elemente de informatie) - descriu L L . o U L L L
eq e . . . (Ch'll.xuppnnunlt requast contaniion .'-IFGE CM x opporiunity mainlenanca
cum sunt utilizate mini-sloturile; 3 I >/ |
rd as-yel
pravious map \/ ccccc i map // unr;ﬁ;:ed
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Cablu TV - DOCSIS

Formatul generic al cadrului DOCSIS (PDU = cadru MAC ethernet)

Header PMD Header MAC
A
(leg. ascendenta) Y ™~
o FC |MAC Param | LEN(SID)| EHDR | HCS PDU
 Header DOCSIS |y ooty | (1 octet) (2 octeti) | (0-240 octeti) | (2 octeti) | (18-1518 octeti)
Header MPEG PSI
(leg. desendenta)
FC: Tip FC Param FC | EHDR ON
) (2 biti) (5 biti) (1 bit)
PDU: Adresa Dest | Adresa Sursa | Type/Len Date utilizator CRC
(6 octeti) (6 octeti) (2 octeti) (0-1500 octeti) (4 octeti)

Obs: nu s-a tinut cont de etichieta (4 octeti) de VLAN (tag 802.1Q) din PDU;
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Cablu TV - DOCSIS

Imbunatatiri aduse de DOCSIS 1.1 — QoS:
- Clasificare pachetelor / identificarea fluxurilor legatura ascendenta:
- Unsolicited Grant Service (UGS): flux de timp real cu pachete de dimensiuni
fixe la intervale fixe (exp VoIP); utilizeaza doar mecanismul de rezervare al CMTS
- Real-Time Polling Service (rtPS): fluxuri de timp real cu pachete la intervale

fixe, dar de dimensiuni variabile; utilizeaza doar mecanismul cu rezervare al CMTS
dar cu numar variabil de minisloturi — overhead mai mare;

- Unsolicited Grant Service With Activity Detection(UGS/AD): fluxuri UGS
care au perioade de inactivitate (VoIP cu suprimarea linistii); utilizeaza mecanismul
cu rezervare pentru perioada de activitate si cereri unicast pentru inactivitate;

- Non-Real-Time Polling Service(nrtPS): fluxuri nu de timp real cu dimensiune
variabila a pachetelor si la momente fixe sau variabile (FTP); pot utiliza mecanism
cu rezervare su cereri concurente sau cereri/date oportuniste;

- Best effort (BE): trafic best effort fara rezevare de la CMTS;

- Programarea servirii fluxurilor cu QoS / Realizarea servirii dinamice
- fragmentarea
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HPNA

HPNA — Retea de acces prin reteaua electrica (High Power Network Access)

- Standard industrial (de facto) pt reteaua de domiciliu (home)

- Utilizeaza reteaua electrica (220V / 110V) pentru a interconecta
dispozitivele la Internet;

- Nu afecteaza liniile de urgenta ;

- Nu necesita cablare suplimentara;

- Capacitati de 1Mbps (in studiu capacitati de 10Mbps si 100Mbps)
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Arhitecturi PON

Tipur1 de arhitecturi PON pentru reteaua de acces

- FTTH fiber to the home ;

- FTTB fiber to the business ;

- FTTC fiber to the crub ;

- FTTCab fiber to the Cabinet;

- FTTN fiber to the Service Node FTTP
Neighborhood; @ L
- FTTO fiber to the T

VOIP
- ONU - optical network FTTC
UI(I;;T - - Vaden FTTCab
i . B thlcal line PON System
Tremination :
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Arhitecturi PON

Evolutia tehnologiei PON e,
(nivelul fizic) Lbiiegs
3 = ::}
Mesh PtMP WDM =

Core Network xPOI\T

Metro Network Access Network P Il 205 l);-m
Copper ~
# Tehnologie Descriere Comentarii
Dialup/DSL/Cable | Active, copper-based, dedicated solutions | Limitare lal.5Mbps per pereche cupru
xPON Pasive fiber-based, shared solutions 2.5Gbps / split de 32 ori = ~78Mbps
Ethernet P2P Active, fiber-based, dedicated solutions Requires active components in OSP
WDM-PON Passive, fiber-based, dedicated solution Passive, 2.5Gbps per subscriber

ETTI - RITc 2013
Curs TRAFM Chap 03
sl. dr. ing. Adrian Florin Paun p. 44




xPON

Arhitectura generala ODN (Optical Distribution Network)
- OLT (Optical Line Tremination)

- Spliter pasiv 1 our
: : o backbane [-FMD
- ONT (Optical Network Unit) e ne T29mm) | Toonus
. T A T
OLT = |

[ PMD

- situat intr-un sediu central (centrala — central office) S B
AQum | To ONUs

Service | Cross- | Tl
i S IMAG | T =
adaptation [ connecl = =

|-

— 1.3um

To backbone

- preia traficul de transport si il distribuie la ONT 25—
- Servicii triple play: nternet, telefonie, TV e
- Legatura descendenti: A=1490nm (voce + date) , A=1550nm (TV - video)
- Legatura ascendenta: A=1310nm (voce + date )

- Utilizeaza WDM (wavelength division multiplexing) + filte optice

- Masoara puterea cu care emite catre ONT

- Legatura maxima pina la ONT = 20km (>cu EFDA)
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xPON

ONT

- Localizare in echipamentul utilizatorului;
- Asigura interfata (la nivel fizic) intre reteaua optica (ODN) si echipamentele
electronice ale utilizatorului;
- Asigura conversia de la formate de transport a informatiei : T1 (1.544Mbps),
El (2,048Mbps), DS3 (44.736Mbps), E3 (34.368Mbps), ATM (155Mbps)
la formate utilizator : voce, ethernet, video analog si digital;
- Pe legatura ascendeta grupeaza diferitele formate ale utilizatorului dupa destinatie
si le transmite eficient utilizand tehnologiile de transport;

(1 ONU
v OrT 1 —
Y o bt — Service
1 ¥ o -~ > . >
r;:;;.—ul f_/_‘\;\:_?;.;',- PMD _ adaptation
spliver (4 )7 5 Service ! Client
I Ny T ToolT | |M96MIRT\Ac MUX : network
S1mE e O 3 S 4 . = T DMUX : equipment
T — . . 2 - !
Timm -:Il'.'|=in'1l \_\_'_é\_l‘\ ’ 1 3 I.lm ey B
il e /E \ H Service a
OMT-spacilic packels < r: \\ . e | adaptation
\T:_/'.:\\\ _h.i._ ,
. i
Camdg - 1
O ) . UNI
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xPON

Spliter optic pasiv
- Dispozitiv optic pasiv care divizeaza puterea optica de la OLT la ONT-uri
- combina puterea optica de la ONT-uri la OLT;
- ramifica reteaua mai multe ONT —uri pentru un OLT
- Accesul multiplu TDMA, duplexare WDM, separarea serviciilor WDM;
- Introduce atenuare ( pentru N ONT-uri legate la acelasi OLT ):

asplitter dB :1 0'1Og10N ———
—

Filtes 14840 mm
LED — LED
I —i

R 5

LE — l=§ ;
_E LED
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xPON

Standarde pentru xPON
-ITU-T G.983.1 -APON
-ITU-T G.983 — BPON
-ITU-T G.984 - GPON
- IEEE 802.3 Ethernet PON : EPON, GEPON
-ITU-T G.652 - WDM-PON
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APON

- Legatura descendenta : rafale (burst) de celule ATM

- Debit binar 155Mbps (622Mbps var 2);

- In fiecare celula ATM introduse suplimentar doua campurt PLOAM ( pt
a indica adresa fiecare1 celule s1 pt control)

BPON

- Utilizeaza celule ATM : debit simetric 155Mbps (prima varianta)
- Debit imbunatatit, asimetric: 622Mbps (descend), 155Mbps (ascend)
- Suporta s1 alte standarde de banda larga (asimetrice):

- legatura ascend: 155Mbps, 622Mbps ;

- legatura descend: 155Mbps, 622Mbps, 1.244Gbps ;
- Un OLT suporta 32 splittere (maxim), fiecare splitter suporta 64 ONT
- Numarul maxim de utilizator1 per OLT : 32 x 64 = 2048 utilizatori
- Distanta maxima OLT-ONT: 20km;
- Distanta maxima ONT-ONT: 20km:;
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BPON

Legatura descendenta: mutiplexare temporala
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BPON

Lungimi de unda utilizate (pt 1 fibra per ONT):
- 1480-1500 nm — canale descendente (date + voce)
- 1260 — 1360 nm — canale ascendente (date + voce)
- 1550 — 1560 nm — canale descendente (video)

Enhanced band:
forvideo

dIsTripution
OLT -. /‘ rQ ONU Enhanced band:
R ;} % - APON For future 4 APON adli_lnnaldlgltﬁi For future
\ » upstream use cwnstream service use
3-dB coupler 3-dB coupler / ﬁ \/ \/E\ / f z '1 \/ \
Receivedsglnal 7] 1260 1360 1430 1500 1539 1550 1560 1565 Wavelength [nm)
=
e \ ™~~~ NEXT
W
A ={T]
Transmitted signal

Lungimi de unda utilizate (pt 2 fibre per ONT), una ascend, alta descend:
- 1260-1360 nm — canale descendente (date + voce)

- 1260 — 1360 nm — canale ascendente (date + voce)

- 1550 — 1560 nm — canale descendente (video)

(cost mic laser Fabry-Perot FP, cost mare — 2 fibre)
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EPON

- Utilizeaza incapsularea Ethernet (IEEE 802.3ah , 802.37)
- Are debite Gbps (la fel la LAN-urile, porturile de agregare ale switch-uri)
- Varianta GEPON, debit simetric de 1Gbps;
- Utilizeaza fibra single-mod 1 (ITU-T G.652)
- Distanta maxima intre OLT s1i ONT = 10 km;
- Distanta maxima ONT-ONT: 10km:;
- Lungimi de unda utilizate ( per ONT):
- 1480-1500 nm — canale descendente (date + voce)
- 1260 — 1360 nm — canale ascendente (date + voce)

- 1550 — 1560 nm — canale descendente (video)
- Debitul bidirectional: 1.244Gbps

- Un OLT suporta 16 splittere (maxim), fiecare splitter suporta 64 ONT
- Numarul maxim de utilizator1 per OLT : 16 x 64 = 1024 utilizatori
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EPON

- Codare de canal 8B/10B
- Pe legatura descendenta se asigura un flux continuu si sincronizarea de ceas

- Accesul multiplu cu diviziune in timp (cadrul Ethernet < slot temporal)
- Fiecare ONT este 1dentificat (in OND) prin LLID 15biti (Logical Link ID)

@ﬂ ﬂmm mm} User 1
Q7

$

User 1

‘F DE‘E“E% EE‘ E Eﬁ* < DU 2 Elﬁ* LUsar 2 ’; /K ONU 2 User 2
% — +[DmEE \ ¢ ¢
8302.3 frame @® i Time slot :
[[[[eacer | payioad | cs] "—_W 2]=» I_come
|  E—

([ ] poiss [
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GPON

- Suporta incapsularti:
- ATM (imbunatatit fata de BPON)
- Ethernet (TDM) utilizand GEM (GPON Encapsulation Method)
- Debite suportate:
- simetric: 622Mbps s1 2.488Gbps
- asimetric: ascendent: 155, 622, 1244, 2488 Mbps
descendent : 1.244Gbps, 2.488Gbps
- Distanta maxima OLT-ONT: 60km;
- Distanta maxima ONT-ONT: 20km:;
- Servicii suportate:
- transmisie de voce;
- Ethernet 10/100 Base-T
- servicilt ATM;
- lin11 inchiriate;
- extensie radio, etc;
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GPON

- Lungimi de unda utilizate (pt 1 fibra per ONT):
- 1480-1500 nm — canale descendente (date + voce)
- 1260 — 1360 nm — canale ascendente (date + voce)
- 1550 — 1560 nm — canale descendente (video)

- Lungimi de unda utilizate (pt 2 fibre per ONT), una ascend, alta descend:
- 1260-1360 nm — canale descendente (date + voce)
- 1260 — 1360 nm — canale ascendente (date + voce)
- 1550 — 1560 nm — canale descendente (video)

E1D§1

° r - Telepho
- Un OLT suporta 128 splittere gy ™ ™™ i ; / "
. . 1244 .16 Mbl's
(maxim), fiecare splitter suporta access | e / P --—_ [@m
. Node | 1DV fm—
64 ONT’ BDSt Nm P +~ I ..  ONTZ |-
- Numarul maxim de utilizatort = “a?i cc | T —— O*—témeuw m" \@“’”
STMn/OCn - TDW with Reach Extender)
per OLT : | 15552 s i
eye . TOM  Time Divson Mulile fﬁﬁem - m geRPT
128 x 64 = 8192 utilizatori i At oo T g oo
EE E;g?ha%?im Up to 60 km* physical reach — =
atiol
ONT  Obtea Nework Taminaton (* with G984 6 Reach Extender)
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G-PON

Spectrul lungimilor de unda utilizate in GPON s1 perspective

O-band E-band S-band Eband

i
-

|_,, |_’ L-band ,__|__.: U-band

D ]

= . - = H = = H H
1260 12305 !b:-ﬂll 15205 1340 1360 1380 l-!l]-ll 1420 144I}E 1460 1480 1500 1520 E 1540 1560 1@1‘.‘ 1600 152! 1640 1660 1680
L] = - . - - - - -

e  EEETTEE ] E GO
G845 o I ' A 1 1 i
Reduce (DFB) ©rF i : :

-

Narrow (CWDM) of
H H :ﬂ—h:
NG-PON (G.9xx) [ | - _S—— E L i ﬁ
..m,_j :j NG-PON Option 1 * NG-PON Option 2**
Legend: I:I GPON Up RF Overlay Present

L] ceonon | 1 nNePON | Future

_______
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WDM-PON

wavelength
splitter Hybrid WDM-PON
ONT
gl P (Fixed
™ Optics)
Access node gsmte:r
SNI y : ONT
dedicated A, pair Bitrate 1
Feeder Fiber
OLT g
1to N As on single fiber < dedicated A, pair ONT
Bitrate 2
dedicated air
M P ONT
Bitrate N
Wavelength selection here
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WDM-PON

-~

Up to 1.25Gbps pfA for Secure and Dedicated,
Symmetrical, Bandwidth for Subcribers

125G |
Central Officel A
I'leidem; // ;00“‘4b‘)\'|‘irules=
A -y
A A 7 ENET/VDSL
A 1.256b rnc
“ 5\\_\ - p

Remote Node " >~
N 100 :

Low-cost “Colorless” Optics < TH
Are Used at OLT line cards and ONTs T

@ e Permite management simplu datorita

\

e Asigura acces privat (dedicat)

e Suporta servicii multiple si rate de
acces diferite per utilizator

s

ONT “colorless” (similar cu
modemurile de cablu)

/

FT
-
=

-

Central Office/
Headend 7 m

—————
-
s & e
Remote Nod 10 Om\ ‘
b

100Mbps ONT ™% gy

.
to fo \
1.25Gbps OCU 1.25Gbps ONT \#O NIEPON

-

1k/p|1'g

A o” 20k a

ENET/VDSL

1.25Gbmng
S

LR

100Mbps OCU

~
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WDM-PON

Avantaje:
- mentenanta scazuta si fiabilitate ridicata pentru PS-PON
- Asigurare securitate: fiecare utilizator are propria 4
- Conexiunea OLT-ONU se realizeaza cu o anumita 4, se simplifica MAC
- La fiecare dezvoltare canalele A sunt independente

Dezavantaje:
- Cost ridicat al echipamentelor
- Trebuie controlata temperatura, pt a nu apare interferenta intre A
- Realizarea operatiilor de broadcast la ONU (colorless)
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