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» koax halozat vagy hibrid koax optika (HFC)
« csillagpontos koax infrastruktira az eléfizet6i szakaszon

» a kétiranyu kommunikaciot a koax halozaton tamogatniuk kell
az erdsitéknek

« felhasznaldi oldal: kAbelmodem
* haldzati oldal: CMTS (Cable Modem Termination System)

2015.04.21. 3



HFC - Hybrid Fiber Coax
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gjm HFC halbzat
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N HFC halbozat
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«ATM (RFC 1577)
FDDI (RFC 1390) Ethernet
*Ethernet (RFC 1042 — 802.3 vagy RFC 894)
Modem
Wide-Area gipn el
Termination
(:' : CMTS Network Cable Modem ~ CM Customer Premises  |[™] I
Nﬁ::{ggﬁféde (CM) Equipment Interface
’ | Customer
Premises
I Equipment
Transparent IP Traffic Through the System
szerverhatter:
« DHCP (IP cim)

* DNS
 Time of the day (szinkron)
* TFTP (boot konfig.)

2015.04.21. 8



BME

N Protokoll-architektura

SAP: Service access point

MAC SAP
¢ ATM SAP
~— 802.2 LLC
szzlic . MAC-CS
(convergence
subprocess)
Link security _ O
OSl data link layer ATM
) ; 802.14a MAC
DOCSIS MAC Link security
MAC MAA
(Media access arbitration)
TC TC
(Transmission convergence) (Transmission convergence)
DOCSIS PHY 0Sl physical layer 802.14a PHY
PMD PMD
(Physical media dependent) (Physical media dependent
DOCSIS protocol stack OSI reference model 802.14a protocol stack
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Fizikal réteg

Kabelhalozat downstream: 50 MHz — 864 MHz tartomany, 6 MHz
analdg tv-csatornak

Fizikai reteg (PMD)
— eldre kijeldlt upstream es downstream csatorna (kiosztasuk:
CMTS konfiguracio)

— downstream: 6MHz a 91MHz — 857 MHz radiéspektrumbdl, 64
vagy 256 QAM modulacio, savszélesseg kb. 30Mbps

— upstream: 5SMHz — 42 MHz tartomanyban, QPSK vagy 16 QAM,
elérhet6 savszelesség 320 kbps — 10 Mbps (6.25usec minislot)

2015.04.21. 10



h Fizikai réteg

e Transmission convergence (TC)

— Egységes HW platform a video és adat fogadasara a CM-
ben

— 188 byte-os MPEG stream
« MPEG header (4B)
 pointer (1B) opcionalis
« Payload (183 vagy 184 B)

« fragmentation (egy PDU t6bb keretben), concatenation
(tobb PDU eqgy keretben)

2015.04.21. 11



:E‘j}/\ MAC réteg |I.

« a MAC réteg vezérli a CM-ek hozzaférését az osztott upstream csatornahoz

« downstream iranyban egy Downstream Tansmission Convergence Sublayer
(MPEG)

 a MAC keretek atvitele 188 byte méretli csomagokban

e CMTS-CM kozott Security Association a titkositasra (minden CM veszi a
downstream adast)

e az upstream iranyu adast a CMTS vezérli

2015.04.21.
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h MAC réteg II.

e az upstream iranyu adast a CMTS vezérli

e a csatorna intervallumokra osztva felhasznalasi kdddal és
modulaciotipussal

« a CMTS periodikusan kild tizeneteket arrol, hogy melyik CM melyik idérést
hasznalhatja, valamint, hogy mikor killdhetnek adasi kérést (REQ region)

« CM adasi jogot kér, CMTS nyugtaz (data grant) vagy elutasit (data grant
pending)

o (UtkOzes csak adaskeéréskor lehet, ezt a CM abbdl ismeri fel, hogy nem jott
ra valasz (data grant, data grant pending) — ekkor késleltetett Gjraktildés

* Piggybacking (normal lehetéségen kivili adaskérés — kiterjesztett fejlécben)

2015.04.21. 13



:%j/\ Protokoll-architektura
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Ranging
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MAC reteg

Map PDU

fransmitted on downstream channei by the CMTS

e [T]HN=SIO1S e

permitted use of the upstream channel

L O e e M1 | ||
@M tx opponunig request contention aregi CM tx opportunity
/\ / as-yel
. unmapped
previous map \/ current map \ time

//

17



BME

N Keretformatumok

Registration Request (REG-REQ)

-

SO . ., :
[ 2 bytes g‘.va'v:omcrommbng

MAC Management Message ISO 8802-2

DA SA MEgLEN DSAR SEAP control VErsion type RSVD
& bytes € Dytes 2Dyes 1 yte 10yte 1 byte 1oyte 1tvie 1 byte
DATA FOU
PHY oA MACHEADR | 43-1518 bytes

Ethernet / 8802-3

Variable-Length Packets or Packet PDU fragment

5C | MAC_PARM | LBN(SD) | =HR HCS oA SA TYFELEN | USERDATA CRC
1 oyte 1Dyte 2oytes | 0-240Dytes | 2bytes 5 bytes & bytes 2oytes | C~1S0Dbyles | 4 bytes

2015.04.21. 18



BME

AN

MAC menedzsment Uzenet

MAC Management Message  1SO 8802-2
DA SA msgLEN DSap SSAP control Version msg type RSVD management CRC
6 bytes 6 bytes 2 bytes 1 byte 1byte 1 byte 1 byte 1 byte 1 byte message payload 4 bytes
Type Value| Version | Message Name Message Description
1 1 SYNC Timing Synchronization
2 1 UCD gsh'eam Channel Descripior
3 1 VAP psiream Bandwi alion
3 1 RNG-REQ Ranging Request
5 1 RNG-RSP Ranging Response
6 1 REG-REQ Registration Request
7 1 REG-RSP Registration Response
12 1 BPKM-REQ Privacy Key Management Request [DOCSIS8]
13 1 BPKM-RSP Privacy Key Management Response [DOCSIS8]
14 2 REG-ACK Registration Acknowiedge
15 2 DSA-REQ Dynamic Senice Addition Request
16 2 DSA-RSP Dynamic Senice Addition Response
17 2 DSA-ACK Dynamic Senvce Addition Acknowiedge
18 2 DSD-REQ Dynamic Senvice Deletion Request
19 2 DSD-RSP Dynamic Senice Deletion Response
20 2 DSC-REQ _Dynamic Senvice Change Request
21 2 DSC-RSP Dynamic Service Change Response
22 2 DSC-ACK Dynamic Senvice Change Acknowiedge
25-255 Reserved for future use

2015.04.21.
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BME

&3 CM adaskérés

Ack time less than transmit time
or Received Grant Penging

Grant Received before ack Wait for Grant
expire
Reques: Transmitied

(remember transmit time)

Packet
Transmitted
‘”“t"' Ack & Retri
; expres etries
Piggyback left (increment retry cnt)

Ack expires
& no Retries

Wait for Request

Wait for transmit left
time ;g:;g‘:) Opportunity

Grant Received

A

Packet enqueusd
and grant received

FPacket enqueusd
(pick request opportunity)

Packet Transmitted
without piggyback

Wait for packet to
be enqueued

Noma' Rea/Gnt process

Normal UGS process
Normal contention process

Excessive contenton or lost NMAP

EOOE

20

2015.04.21.



:%}/x QoS tamogatas

« DOCSIS 1.1 és 2.0 Service Flow: egyiranyu adatfolyam késleltetés, jitter,
savszelesség, stb. paraméterekkel

 csomagok SF-hez rendelése - osztaly alapu megoldas: prioritas, IP
parméterek, MAC cim, 802.1p/q paraméterek)

2015.04.21. 21



* Unsolicited Grant Service (UGS): olyan real-time szolgaltatasokhoz, amelyek
periodikusan fix meéretli csomagokat generalnak (pl. VolP). Ennél a
szolgaltatasnal a CM nem kiild adasi kéréseket (REQ), a CMTS pedig
kotelez6en biztosit a CM szamara megfeleld mennyiségl kuldési intervallumot
(data grant). Ennél a szolgaltatasnal a CM nem is kiildhet adasi kérést, igy
megszinik a normal adatforgalomnal jelentkezé overhead.

 Real Time Polling Service (rtPS): olyan real-time szolgaltatasokhoz, amelyek
periodikusan valtozé mereti csomagokat generalnak (pl. MPEG video). Ilyenkor
a CMTS periodikusan biztosit lehetoséget adasi kérés kiildésére. Igy az
overhead nagyobb, mint az UGS esetén, viszont a csomagmeéret valtozhat.

* Unsolicited Grant with Activity Detection (UGS/AD): olyan UGS
szolgaltatasokhoz, amelyek hosszabb idére (néhanyszor 10 ms vagy t6bb)
inaktivva valhatnak (pl. VolP, csendelnyomassal). Aktiv allapotu folyam esetén
UGS-ként mikddik, azaz a CMTS periodikusan adasi lehetb6séget biztosit a CM
szamara. Inaktiv folyam esetén az rtPS szerinti unicast polling eljarassal adhat a
CM.

2015.04.21. 22



* Non-Real-Time Polling Service (nrtPS): olyan szolgéaltatdsokat tamogat, amelyek
rendszeresen valtakozé méretli csomagokat hasznalnak (pl. FTP). A CMTS
masodpercenként (igény szerint gyorsabban) lehetéséget biztosit adasi kérésre, akkor is,
ha egyébként a halozat telitett lenne. Az adasi lehetéseg biztositasa lehet periodikus vagy
nem periodikus is.

» Best Effort (BE): Ebben az esetben a CM hasznalhat normal adasi kéréseket s
felnasznéalhatja a kéretlen adasi lehetéségeket is (unsolicited data grant). A szolgaltatas
alapvet6 paraméterei a Minimum Reserved Traffic Rate, a Maximum Sustained Traffic
Rate, és a Traffic Priority.

« Afentieken kivll a szabvany réviden emlitést tesz a Committed Information Rate (CIR)
szolgaltatasrol. Ennek definiadlasara tobb lehetéség van, pl. vagy egy Best Effort vagy egy
nrtPS adott Minimum Reserved Traffic Rate paraméterrel.

2015.04.21. 23
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> Kabelmodem-rendszerre alapozott haldzat
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2015.04.21.

Service Flow — CMTS, CM

Upper Layer Entity (e.q., bridge, routar)

7

Upper Layer Entity (2.9.. bridge,
router, client)

7%

MAC
sivigmt
Msgs
Primary SFID | {optional)
v ! Ingress Classifier
Downstream SFID2 | Bownshe
Classifier ownsiream
SFIDn |
Downstream RF
Service Flows
Upstream Upstream Upstream
Classifier Classifier
' Upstream Service
CMTS P CM

Flows
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0QCc
0C12c 0C3

ATM core

DS3
C

ATM edge
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0C3c

HFC hlgh end
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- s »| AALS [ AALS |- -4 —-» AALS [ LLC
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PHY

A CMTS halozati oldalan ATM helyett jelenleg mar inkabb Ethernetet alkalmaznak
(RFC 1042 — 802.3 vagy RFC 894)

2015.04.21.
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VSG GbE Transport Solution for VoD ‘

You like the time and

money you save deploying a
future-proof VoD network.

Bob likes “Porkys Il"at 6:18 p.m.

29



BME

DOCSIS™ Road Map

AN

DOCSIS

Key Features

Benefits/Services

DOCSIS 3.1 (2013)

(d 400Mbps-10Gbps, u
300Mbps-1Gbps)

« Extended spectra (US:
200MHz, DS: 1,2 GHz)

« OFDM, max. 4094 QAM

DOCSIS 3.0 (2006)

(d 300 Mbps — 1.2 Gbps,
u 100-300 Mbps)

« Channel aggregation
(bonding)

e |IPV6

e Multicast

DOCSIS 2.0 (2001
(30 Mbps u/s)

 Mandatory S-CDMA/
TDMA

« Best of DOCSIS

e Symmetric services
» Peer-to-peer

* Business-to-business (20 T1
capacity)

DOCSIS 1.1 (1999)
(10 Mbps u/s)

« Q0S
 Pre-EQ

» QOperations
o Security

» Tiered service

* Double u/s capacity

* Lower op’s costs

» Better than competitor

DOCSIS 1.0 (1997)
(5 Mbps u/s)

» Spec’d for retall
« Standard spec

* High speed data
* Internet access

2015.04.21.
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gjf\ Cable Architecture

New Services
Opportunities

PacketCable DOCSIS CableHome
Y ' \
CM CM
s CMTS
CM
: &2
Operator
Operator Core :
Backbone Aggregation CMTS CM
networ k CM
CM B CM
| P Services CMTS CM
CM
Aggregation Network Access Networ k

Operator administered

2015.04.21.
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DOCSIS 3.0




DOCSIS 3.0

* Megvaltozott kbvetelmenyek

— nagyobb savszélesség
— IPv6 el6késziletek
— multicast

« Ujdonsagok (DOCSIS 2.0/hoz képest)

2015.04.21.

— csatornanyalabolas: legalabb négy csatorna egyenként 10-30 Mbps
— IPv6 tAmogatas
— tovabbfejlesztett multicast tamogatas:

* SSM (Source-Specific Multicast )

* |GMPV3 (Internet Group Management Protocol - RFC3376 és RFC 5186: MLDv2 )
» downstream identifier (multicast menedzselés nyalabolt csatornak felett)

33



« MAC Layer  Network Management
— Downstream és upstream csatornak — Diagnostic Log (Flaplist )
nyalé,bolés? , — Internet Protocol Data Record (IPDR)
— legalabb négy csatorna egyenként kitejesztések alkalmazasa
10-30 Mbps — Kapacitas-mendzsement
* Network Layer — Tovéabbfejlesztett jelminéség-
— |Pv6 Support monitorozas
— IP Multicast IGMPv3/MLDv2, SSM, « Physical Layer
QoS) — Kapcsolhaté 5-42 MHz, 5-65 MHz, or
e Security 5-85 MHz US sav
— Certificate Revocation Management — S-CDMA aktiv kodvalasztas
— Runtime SW / Config validation e Commercial Services
— Enhanced Traffic Encryption (AES) — T1/E1 Circuit Emulation tamogatas

— Certificate Convergence
— Early Authentication & Encryption
— TFTP Proxy

2015.04.21. 34
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2015.04.21.

DOCSIS 3.0 Upstream Bandwidth

» Upstream operation can be extended from 5-42 MHz to 5-85 MHz to
adds nearly 200 Mbps of potential capacity

6.4 MHz

-~ Required

@ 64QAM 27Mb/s / 6.4 MHz
5.5 x 27 Mbps = 148.5 Mbps

10 14 18 22 26 30 34 38 42

Frequency MHz Optional 85

10 14 18 22 26 30 34 38 42 46 50 54 60 64 68 72 76 80 84
Frequency MHz

12 x 27 Mbps = 324 Mbps

35



BME

n Use of Cable Spectrum

» Same amount of RF spectrum delivered to each home passed
» Spectrum may be reused for interactive services by sub-dividing into service groups

**Representative values only, wide variation
in practice due to cable system specifics

*Includes upstream

2015.04.21.
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Csatornak nyalabolasa

DOCSIS 3.0 Channel Bonding Architecture

Downstream
. PHY

DOC 3.0

MAC | ‘

Upstream
PHY
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« Hagyomanyos
CMTS

* Integrated CMTS
Modules with Fixed

Downstream and
Upstream channels

e Ex.2DSand 8 US
Channels

* Features High

Availability “Protected”

Bandwidth
 Today's CMTS

2015.04.21.

Integralt CMTS

Integrated CMTS
Modules with Decoupled
Downstream and
Upstream channels

Ex. xx QAM DS Module

Features High Availability
“Protected” bandwidth

2007 Deployment

Modularis CMTS

Modular CMTS Modules
with Decoupled
Downstream and
Upstream channels

Ex. xx QAM DS Module

Features Superior
Scalability with
“Unprotected” bandwidth

2007 Deployment

38
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n DOCSIS 3.0 migracio: M-CMTS

Current CMTS

<

DOCSIS 2.0 US

\

2015.04.21.

//

Edge QAMs

EI[;l
DS Bonding and

Existing DOCSIS
1.x/2.0 CMs
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Bonding

CMTS
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Port
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S3

J

DS 2
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P

CM 1
Legacy CM

2-Ch Bonding

i

CM 2
3-Ch CM
doing

CM 3
Legacy CM

CM 4
3-Ch Bonding
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:%}/x Architecture Migration

Average supplied bandwidth per Fiber Node 73 QAMs 7

8.0 OAMS 2800 Mbps
2.0 QAMSs 320 Mbps
1.0 QAMs 160 Mbps
0.5 QAMs 80 Mbps
40 Mbps
20 Mbps *DOCSIS IPTV
Bypass Architceture
(for IPTV — Motorola)
2007 2008 2009 20xx ?

2015.04.21. 41



mj’\ Euro-DOCSIS Reference Architecture

System

Cable Modem

Operations Support

Customer
Premises
Equipment

Coax ’ D

/ e
Cable

Modem

Termination System OSS Interface
Network Side Interface (0OSSI)
(CMTS-NSI)
Cable Modem Distribution
Termination System Network
! Mod
|| Network ™ O/E
Termination ] RX Node
Demo 7y Fiber

Generic Headend Switch or
Backbone Transport Adapter

VAN
2015.04.21.

Cable Modem
CPE Interface
(CMCI)
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« Upstream bonding

Upstream Channel Bonding

— Single flow can consume all BW on multiple USs

e Continuous Concatenation & Fragmentation (CCF)

— Improved form of concatenation and fragmentation that is needed for
DOCSIS 3.0 operation

2015.04.21.

P4

P3

P2

P1

US1

us2

U3

Request 1000 bytes

Grant 200

Grant 300 bytes

G

rant 500 bytes
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» Competition against FTTH

— Deliver 20+ Mbps
* High BW residential data
» User generated content

— Video and photo uploads

— Proliferation of social sites
* Video conferencing

— TelePresence
e Commercial service

— High BW symmetrical data services
— Bonded T1
— High BW Ethernet/L2VPN service

2015.04.21.
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)
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DT
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< : o-t:BS 3
DS 2

J
o= a N o by ) S 1
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CM 2
3-Ch CM
doing
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CM 3
Legacy CM

CM 4
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M-CMTS DOCSIS Operations
DOCSIS Timing Server Rl zl;z?:r:
Network Timing Operations
Side Interface (DTI) =77 ~ Support Systems
Interface Interface (OSSI)
27N \ (NSI)
/ Downstream
| WideArea \_ | M-CMTS External-Phy Downstream Cable Modem
\  Network [~ | Core Interface I:?F Interface It? CfPE
\ / (DEPI) : (DRF) _ _ nterface
N e EQAM - N \ (€Mmcl Customer
-~ P 7 Premi
“i [Hybrid Fiber-Coax | _ e P R Equipment
f \ Network (HFC) /" “ewm | 1T CPE
Upstream | \ _ -
Receiver [ / N - T
: / Radio F:requency
Edge Resource Interface
Management (RFI)
Interfaces Edge
(ERMI) Resource
Manager
« Key DOCSIS 3.0 enabling technology
* DS scalability of DOCSIS 1.x/2.0
« Easy migration to DOCSIS 3.0 DS channel bonding
°

Enables service convergence and QAM sharing (Video and Data)
» Creates efficiency in CAPEX/service

2015.04.21. 46
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w Integrated
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Modular
m_’ CMTS DS Bonding Fiber Node n
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DS Bonding
Group 1

Fiber Node 1

Headend US Bonding

Group 1
w_’ Integrated O

or
Modular

CMTS DS Bonding
Group n

cM CM CM CcM CM

O | N W —

Fiber Node n

US Bonding
Group n

0

2015.04.21.

CcM CM CM CM CM

G | S S
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Broadcast IPTV with RF Spanning
8-ch Cable Modem

Bonding
Group 1 Fiber Node 1

Headend RF_
Spanning \

M Integrated ‘
Broadcast

or
Modular IPTV Services

CMTS Fiber Node n

Bonding
Group n
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BME

DOCSIS IPTV Bypass Architceture

Regional DTI
Data Head-End ;::: Household
Center A "
Converged M-CMTS -
Interconnect | Core
Network Other ]
s (CIN) PSP H
z IPTV PSP L213 DEPI H > 2
& | wrvsers | [T HessrL_EOAM : =
:8’ IPTV PSP e ‘ ;: r
> - PSP/MPT —s MPEG i
MPTs
& | PTV MPT Soene st [ piocm |
T
IPTV SPTS DIBA W_I
- EQAM CPE
Session
Manager

DIBA munneling options

Two Motorola engineers, Michael Patrick and Gerald Joyce, submitted a paper at the SCTE Conference on Emerging Technologies suggesting the use
of the DOCSIS channel to transmit IP video. They said the framework of DOCSIS 3.0 could help address the accelerated increase of video demand.

A scenario was made about peak-usage for a node of 750 homes of which % are cable users, and half of those were expected to demand non-popular
content, creating a demand of about 10 Mbps for two SD streams. Such node was estimated to require about 2.8 Ghps, or 73 carriers. Operators (the
paper said) typically reserve 5 carriers (1 for DOCSIS, 4 for VOD), which would not be sufficient for that load. That scenario was just for SD; HD would
further increase that requirement.
Typically, they said, the operator would have to increasingly install more CMTS to meet the growing demand for video. The paper suggested bypassing
the M-CMTS redirecting the on-demand traffic through edge QAM as IP video within a DOCSIS IPTV Bypass Architecture (DIBA).

2015.04.21.
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AS

DOCSIS 3.0

IPTV

IPTV
Server

DIBA

2015.04.21.

IPTV

IPTV
Server

Regional
Area
Network

Regional
Area
Network

Converged qﬂb‘iular-CMTS‘

Interconnectg—— & Gors *
e Synchronized DOCSIS |
(C|N) 'A Lt > _______ * : T b
DEPI Co
L2/L3 | — - » v
ga-QA DOCSIS 3.0 CM
Figure 2a: Modular CMTS approach to IPTV with IPTV ‘_I
DOCSIS 3.0. All video flows through CMTS core CPE
Modular-CMTS
o Core or 4 >
Converged Moto Integrated|  Synchronized DOCSIS |
Interconnect——> -CMTS P i
@ Network Non-Synchronized DOCSIS —»
(CIN) i A
L2/L3 ,| DEPI/ MPEG DOCSIS 3.0 CM
Edge-QAM
== o = mEEN S - o : F - - e
Figure 2b: DIBA bypasses CMTS for IPTV delivery from CPE

VOD server directly to Edge-QAM

DEPI : DOCSIS External Physical Interface
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Where would
you like to
connect?
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