Broadband Communications - Next Generation Networks

ATM Networks

ATM

Fast Packet Switching Bearer Service
Asynchronous Transfer Mode
Asynchronous Time Division Multiplexing
Cell multiplexing and switching

Label switching based
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Comparison with other bearer

services

Frame ATM
Issue DQaDB SMDS X.25 Relay AAL
Connection oriented Yes Mo Yes Yes Yes
Mormal speed (Mbps)| 45 45 064 1.5 155
Switched Mo Yes Yes Mo Yes
Fixed-size pavload Y es (K] [N} (K] Moo
Max payload 44 9188 128 1600 Wariable
Permansent VCs Mo Mo Y es Yes Yes
Multicasting Moo Yes Mo Moo Yes

Comparison with other bearer

services

Issue DQDB SMDS X.25 Frame ATM ATM

Relay AAL

Connection oriented Yes No Yes Yes Yes Yes
Normal Speed (Mbps) 45 45 0.64 (1.5)2 155 155
Switched No Yes Yes Yes Yes Yes
Fixed-size payload (octets) Yes No No No Yes No
Max. Payload size (octets) 44 9K 128 1500 48 64 K
Multicasting No Yes No No (Yes) (IP)
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Characteristics of ATM

* Fragmentation into fixed size cells

« Statistical multiplexing

* Virtual Circuit Routing

e Support for narrow & wide bit rates

» Constraints on cell delay & loss

« Handling of cell loss priorities

» Designed for future unforeseen demands

Advantages of ATM

e Better utilization of the bandwidth due to
statistical multiplexing gain

» Switching systems can be made simpler
» Allows for variable bit rates
» Allows for end-to-end flow and error control
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Disadvantages of ATM

Overhead in cell header
Variable delays and delay jitter

Complex mechanisms required to ensure fair
and appropriate bandwidth allocation (QoS)

Correlated cell losses in times of congestion

BISDN is ATM

* ITU-T recommendation 1.121 presents an
overview of B-ISDN capabilities:

» B-ISDN supports switched, semi-permanent and permanent, point-to-
point and point-to-multipoint connections and provides on-demand,
reserved and permanent services. Connections in B-ISDN support
both circuit mode and packet mode services of a mono-and/or
multimedia type and of a connectionless or connection-oriented
nature and in a bidirectional or unidirectional configuration.

» A B-ISDN will contain intelligent capabilities for the purpose of
providing advanced service characteristics, supporting powerful
operation and maintenance (OAM) tools, network control and
management.

UPC/DAC October 2006



Broadband Communications - Next Generation Networks

BISDN is ATM

» The asynchronous transfer mode is considered
the ground on which B-ISDN is to be built [ITU-T
1.121]:

“Asynchronous transfer mode (ATM) is the transfer
mode for implementing B-ISDN ...”

» The term transfer comprises both transmission and
switching aspects, so a transfer mode is a specific way
of transmitting and switching information in a network

BISDN Reference Configuration

SB TB
B-TE1 ¢ B-NT2 B-NT1—
R
TEZ2 or
B-TA—¢—
B-TE2
Functional group TE: Terminal equipment
B-TE: Terminal equipment for BISDN
B-TA: Terminal adaptor for BISDN
+ Reference point B-NT: Network terminator for BISDN

From *ATM Networks: concepts, protocols, applications” by Handel, Huber and Schroder, 2th edition.
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Oscar lvan Lepe Aldama:

Falta agregar los diversos
tipos de configuraciones

segun la 1.121 y la 1.413. eference Conﬁguratlon

jdp:
1.121

ISO/OSI Reference Model

Layer 7
(Application)

Service to
Layer N+1
Protocol
Total Layer N Layer N - with peer
icati ’ entity Layer N
Function Decompose
(modularity, -
information-hiding)
Service to
Layer N-1

Layer 1
[ (Physical)

OSI-wide standards
(e.g., network management, security)

From “Data and computer communications” by W. Stallings, 5th edition.
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ISO/OSI Service Access Interface

1o SAP = Service Access Paint
—_—— IDU = Interface Data Unit
Layer N+1 N+1PDU SDU = Service Data Unit
PDU = Protocol Data Unit
SAP IC1 = Interface Cantrol Information
Interface = E‘=

[
Layer N \‘\\ Layer N entities

- -« exchange N-PDUs
™ in their layer M
N-POU protocal

Header

From “Computer Networks” by A. Tanenbaum, 3er. edition

|ISO/OSI Data and Control
Information Exchange

(N+1) PDU
(N+1) Layer
N-PCI N-SDU
N Layer
N-PDU
PCI Protocol control information

PDU Protocol data unit
SDU Service data unit

From *ATM Networks: concepts, protocols, applications” by Handel, Huber and Schroder, 2th edition.
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ATM Reference Model

/ Management Plane
Control Plane User Plane
2| =
s| S
Higher Layer E g
S| S0
z| =
5| &
ATM Adaptation Layer (AAL) = =
ATM Layer =~
v
Physical Layer

BISDN definition of “cell”

 The term cell is essential for BISDN, and

therefore it is defined in ITU-T recommendation
1.113:

» A cell is a block of fixed length. It is identified by a
label at the ATM layer of the BISDN PRM.
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Kinds of cells

» The different kinds of cells are presented in ITU-T
recommendation 1.321:

— Idle cell (physical layer): A cell which is inserted / extracted by the
physical layer in order to adapt the cell flow rate at the boundary between the
ATM layer and the physical layer to the available payload capacity of the
transmission system used.

— Valid cell (physical layer): A cell whose header has no errors or has
been modified by the HEC.

— Invalid cell (physical layer): A cell whose header has errors and has
not been modified by the cell HEC verification process. This cell is discarded at
the physical layer.

— Assigned cell (ATM layer): A cell which provides a service to an
application using the ATM layer service.

— Unassigned cell (ATM layer)

ATM Reference Model

/ Plane management
/ Lavyermanagem ent

Control plane User plane
Upper layers Upper lavyers -\é,
2 .
o & ) CS:Convergence sublayer
_______ ATM adaplation layer ———————t;@ / SAR: Segmentation and
SAR reassem bly sublayer

ATM layer ~\°§ TC: Transmission convergence
b, sublayer

_______ Physical layer ———————E3 PMD:Physical medium
dependent sublayer
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ATM Layer Functions

o5l ATM ATM
layer layer sublayer Functionality
[o33) Providing the standard interface [convergence)
EFL| AAL T ——————
S AR Segmentation and reassembly
Flow control
173 ATH Cellheader generation/fextraction
Wirtual citcuit/path managem ent
Cellmultiplexzing/dem ultiplexing
Cellrate decoupling
Header checksum generation and verification
2 TC Cell generation
Packingfunpacking cells from the enclosing envelope
Frame generation
—————— Physical -+ - ———H—-———-—— — — — — — =
Bit tim ing
PMD
L Physical network access

©UPC DAC J0P

ATM Physical layer structure

Physical layer

Transmission convergence
sublayer

Physical medium
sublayer

HEC : Header error control

Cell rate decouppling
HEC sequence
generation/verification
Cell delineation
Transmission frame
adaptation
Transmission frame
generation/recovery

Bit timing
Line coding
Physical medium

From *ATM Networks: concepts, protocols, applications” by Handel, Huber and Schroder, 2th edition.
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ATM Physical medium sublayer

ATM cell

« SONET / SDH based
e Cell based

Byte-structured frame and overhead

Overhead cell

Cell-based UNI

ATM  Asynchronous transfer mode
Synchronous digital hierarchy
User-network interface

From *ATM Networks: concepts, protocols, applications” by Handel, Huber and Schroder, 2th edition.

SDH

UNI

SDH-based UNI

ATM cell

125 us

SONET and SDH bit rates

SONET SDH Data rate (Mbps)
Electrical Optical Optical Sross SPE User
5T5-1 OC-1 51.84 s50.112 49538
S5T5-3 oc-3 STh-1 155.52 150.336 148.608
5T5-9 oC-9 STh-3 466 .56 451.008 445824
STS-12 oCc-12 STh-4 622.08 §01.344 594 4332
5T5-18 OC-18 STh-6 93312 a0z 016 591.648
5T5-24 DC-24 STh-3 1244 16 | 12026388 | 11858.864
5T5-36 DC-386 STh-12 | 1866 .24 [ 1804.032 | 1783 .2488
5T5-48 oC-48 STh-16 | 248832 | 2405376 | 2377.728
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SONET Hierarchy (1/2)

Path Line Line Path
Termination Termination Termination Termination
Repeater Equipment Equipment

Equipment Equipment Repeater

;L

;L

Section ! Section | Section

Line
) Path

SONET Hierarchy (2/2)

Sublayer
Path | e ——————
Line | === 1 L
section {  fp———7—/7"7"—7"7 = [T———————-7  [TTTTT———= Lot
P haotonic
Source Repeater M ultiple xer Destination
-+—— Section —  ®*™%——— Section ——® =—— Section ——*
Line T Line
Fath
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SONET Overhead

[ 90 bytes
T Framing Framing STS11D
. Al A2 C1l
Section BIP-8 Orderwire User
Overhead Bl El F1
Data Com Data Com Data Com
v D1 D2 D3
4 Pointer Pointer Pointer Action
H1 H2 H3
BIP-8 APS APS
B2 K1 K2
. Data Com Data Com Data Com
Line D4 D5 D6
Overhead Data Com Data Com Data Com
D7 D8 D9
Data Com Data Com Data Com
D10 D11 D12
Growth Growth Orderwire
v Z1 Z2 E2

Signal Label
C2

Path Status
G1

User Channel
F2

Multiframe

Path Layer Overhead —»

—SMOY 6 ———

ATM at 155.520 Mbps over SDH

2 octets 261 octets
$— STM-1
Al-4
“ SOH
VC-4
= |_[Au-4PTR| —WH | <+
B3
(a7
wr S0H Gij
F2
_H_ﬂ E m | ree
73 .
ATM cell Z C-4
- — = - ]
< Ly VG-4 PCH
53 octets

260 x 9 x 8 /125 pus = 149.760 Mbps
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ATM at 622.080 Mbps over SDH

STM-4
> 270 x 4 bytes »
» Ox4 - 261 x4 >
i -
S0H VC-4-4¢
g AU-4PTR | ——pl J1 | F |F | F ATM call]
11 | |1
& 83 x [ % | x
SOH C2|E|E|E
c1] PP (P C-4-4¢
' s|s|s
TIT|T
.4 ululu
F|F|F
FIF|F

260 x 9 x4 x 8/ 125 ps = 599.040 Mbps

Cell based interface

] ] | 72 1 ] |

ATM cell OAM cell

One OAM (Operation and Maintenance) cell each 27 cells

STM1: 155.520 x 26/27 = 149.760 Mbps (150 Mbps)

STM4: 622.080 x 26/27 = 599.040 Mbps (600 Mbps)
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ATM Reference Model

/ Plane management
/ Lavyermanagem ent

Control plane Userplane

Upper layers Upper lavyers -\é,

2 .

o Lo@é CS:Convergence sublayer

_______ ATM adaplation layer ———————& / SAR: Segmentation and

SAR reassem bly sublayer

ATM layer .;‘ﬁg/ TC: Transmission convergence

., sublayer

Jc Physical layer ~ ——————o e PMD:Physical medium

PMD dependent sublayer

Functions of the Transmission
Convergence Sublayer

At the physical bit level the B-ISDN user-network interface has a
bit rate of 155.520 Mbit/s or 622.080 Mbit/s, respectively. The
interface transfer capability is defined as [62]:

... the bit rate available for user information cells, signalling cells
and ATM and higher layer OAM information cells, excluding
physical layer related OAM information, transported in bytes or
cells.

UPC/DAC October 2006
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Identification

Header pattern for idle cell

Octet1 | Octet 2 | Octet 3 | Octet 4 | Octet 5
HEC

00000000 | 00000000 | 00000000 | 00000001 valid
code

HEC : Header error control

HEC operation at receiver

Multibit error detected
(cell discarded)

No error detected
(no action)

Correction
Mode

No error detected
(no action)

Detection
Mode

Error detected
Single-bit error detected

(cell discarded)
(correction)

UPC/DAC October 2006
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Effect of error in cell header

Incoming
Cell

Correction Detection
Muode Muode

Success-
ful

¥

Apparently Valid Cell with Discarded
Errored Header Cell

(unintended service)

Valid Cell
tintended service)

Impact of random bit-errors

104

10 Discarded cell
10777 = probabyjlity

10-16

Probability of
valid cells with
errored headers

QOutcome Probability

28
10 I I I I I
110 10? 108 107 106 105 104

Bit Error Probability

UPC/DAC October 2006
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Cell delineation

Bit-by-bit Cell-by-cell
check

check

correct HEC detecioy

Incorrect  HEG _detedieS

o
Consecutive
incorrect
HECs

3
Consecutive
correct
HECs

Cell delineation performance

for 155.52 Mbps

Lo#
=020 years
30
2 10
E|
E: f=101" vears
é 1020 —
o
“‘.’
= =1 year
2
ESEN GRS — 1 day
= [— | minute
105 — [— | second
10 I I I

1006 g 104 103 102

Bit error probability (p,)

UPC/DAC October 2006
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Cell delineation performance
re-synchronization time

For 155.52 Mbps

200

= 10100

in [sec

Accjuisition time 'T._Itﬁr in cell units

Bit error probability {(p,)

SDH-based ATM cell transmission

Path
header 260 columns

[T ||

B3 53 oclets
c2
Gl

ni ] | | |-

Z3
Z4

23 aadll | |

F2 9 rows
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ATM Reference Model

/ Management Plane

Control Plane User Plane

Higher Layer

ATM Adaptation Layer (AAL)

Layer Management

ATM Layer

\ Plane Management

N\

Physical Layer

©UPC DAC J0P

o5l
layer

Layer Functions

ATM ATM
layer sublayer Functionality

M

[o33) Providing the standard interface [convergence)
AAL T ——————
S AR Segmentation and reassembly

113

Flow control

ATH Cellheader generation/fextraction
Wirtual citcuit/path managem ent
Cellmultiplexzing/dem ultiplexing

Cellrate decoupling

Header checksum generation and verification

TC Cell generation

Packingfunpacking cells from the enclosing envelope
Frame generation

Physical -+ - ———H—-———-—— — — — — — =

Bit tim ing
Physical network access

PMD

©UPC DAC J0P
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ATM connection relationships

Virtual Virtual path

circuit /

Transmission
path

VP connection establishment

Request for
VOO Originates

Request Yes Make
Granted? Connection

UPC/DAC October 2006
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ATM cell formats

Pre-assigned Values of the Cell
Header at the Physical Layer

Physical Layer

Cell type Octet 1 Octet 2 Octet 3 Octet 4
IDLE cells 00000000 | 00000000 | 00000000 | 00000001
Physical Layer OAM 00000000 | 00000000 | 00000000 | 00001001
Reserved for use by PPP0000 | 00000000 | 00000000 | 0000PPP1

P : Bit is available for use by the PHY layer

UPC/DAC October 2006
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Insertion and extraction of
ATM cells

| Assigned | | Assigned |
A

SAP

Y
[Valid | [Valid |
A

ATM Cell Header at UNI and NNI

40 Bits
S S [ S S S I I S I I I I
c
GFC MR WO PTI L HEC
P
(=)
[
WP Vo PTI L HEC
P
GFC: General Flow Contral FTI: Payload Type
WP Virtual P oath Ide ntifier CLP: CellLoss Priority
Wil Wirtual Channel Identification Wil Header Error C heck
bl

UPC/DAC October 2006
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Payload Type Indicator

Payload type Meaning
Qoo User data cell, no congestion, cell type O
001 User data cell, no congestion, cell type 1
010 User data cell, congestion experienced, cell type 0
011 User data cell, congestion experienced, cell type 1
100 Maintenance information between adjacent switches
101 Maintenance information between source and destination switches
110 Resource Management cell {used for ABR congestion control)
111 Feserved for future function

©UPC DAC J0P

e Virtual channel connection "
} bt =
N Wirtual channel Innk\
Virtual T X
chanrsgl rQ O\.__ @
levi T ’
5 . Virual path connection .
S = - - 3
= Wirtual paih link
z Virtual E'_ = "
path ® =0 QO —")
level A v
Tianemissicn Transmission path ’
pelh e —nf
level )
5 © =0 Q= @
= L W
3| ogtal o Digital section |
= | section f " =
| lgvel .
\({ g ? — __(E)
Rogoneralor -
section i Regenerator
lavel section :
M G
ATM  Asynchronous irenzier mode & Endpaint of iha 1 Conngeting poini ol the
coirespending lavals curgsponding lavely

©UPC DAC J0P
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Difference between
VC and VP connections

@//// virtual channal cannagiion endpaints
: virtual channel connection \G

virtua! channe link > yirtual shannel link

« WP switch

; : i VI switeh - WG and WPI
| vittuslpath Ink | virlual path link values change

K - virua path conneclion /3

virtual path connection endpaints

Virtual Path switching

VCI1 VCI 3
VCl 2 VCI 4
VCI 3 VCI 5
VCl 4 VCl 4
VCI 5 VCI 1
VCl 4 VCI 2

VP switch

VCI  Virtual channel identifier
VP Virtual path
VPl  Virtual path identifier

From *ATM Networks: concepts, protocols, applications” by Handel, Huber and Schroder, 2th edition.
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Virtual Channel Switching

|
|
|
|
|
|
|
|
|

Endpoint

i

[

[

|

|

|

vl || lvel vel vel [

1 2 3 4 |

|

of VPC | i
Vel 1 %) :

VoI VPL 1 )
|

Niold ‘VPla
vel 2

i
| X |
| . |
| VP switch
|
VC  Virtual channel VP Vitual path
VCI  Virtual channel identifier VPC  Virtual path connection

VPl Virual path identitier

From *ATM Networks: concepts, protocols, applications” by Handel, Huber and Schroder, 2th edition.

©UPC DAC J0P

VPI and VCI relation

\"Pl FoWC=1,2.3

YRl =7, M1 1,2,3

WP, | ¥P
WPL=5,%Cl=1, 2,3
L)

1.4

\‘Iﬁin‘ WPlau
7 *

WPl w3, WCi=3 4

=7, W=

WPl Use in en AThA Netwark

©UPC DAC J0P
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Virtual Path Connection

“A concatenation of virtual path links that
extends between the point where the virtual
channel identifier values are assigned and the
point where those values are translated or
removed” [ITU-T 1.113]

VPC establishment and release

On a subscription basis. No signaling procedure
IS necessary. (Permanent PVC).

Controlled by customer. Signaling or network
management procedures are used. (Switched
PVC).

« Controlled by the network through signaling

procedures. (S PV).

UPC/DAC October 2006
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VPC characteristics

Cell sequence integrity is preserved for each
VCC.

Traffic parameters are negotiated during VPC
establishment phase.

Traffic parameters may be re-negotiated, if
necessary.

User cells are monitored according with the
negotiated traffic parameters.

VPC is uni-directional.

Virtual Channel Connection

“A concatenation of virtual channel links that
extends between two points where the
adaptation layer is accessed” [ITU-T 1.113]

UPC/DAC October 2006
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VCC establishment and release

On subscription basis. Permanent or semi-
permanent VCCs. No signaling.

Meta-signaling procedure. Applied for
establishing a signaling VC.

User-to-network signaling for a switched end-to-
end VCC.

User-to-user signaling if a VPC already exists
between two UNIs.

VCC Characteristics

Cell sequence integrity is preserved within a
VCC.

Traffic parameters are individually negotiated at
VCC establishment.

VCCs are uni-directional.

One permanent meta-signaling VC per UNI
(bidirectional).

UPC/DAC October 2006
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Advantages of
the VP/VC concept

« Simplified network architecture. VC switching

for individual logical connections and VP
switching for a group of logical connections.

 Increased network performance and reliability.
» Reduced processing for new VCCs in an

already established VPC.

groups).

* Enhanced network services (closed user

UPC/DAC October 2006
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