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Evolution Towards Wideband Communication

Networks

M. Decina

This draft aims at a brief review
of the driving forces and key
alternatives in the evolution
towards wideband communica-
tion networks. Optical fiber net-
works only are included in this
overview.

Ziel dieses Beitrags ist, die
treibenden Krafte und wichtig-
sten Alternativen in der Evolu-
tion zu Breitbandkommunika-
tionsnetzen grob zu skizzieren.
Es werden dabei nur fiberopti-
sche Netzwerke berticksichtigt.

L’article donne un bref apercu
des motifs et des alternatives
les plus importantes dans I'évo-
lution des réseaux de communi-
cation a large bande, en ne
tenant compte que de ceux a
fibres optiques.

Adresse des Autors

Prof. Dr. M. Decina, Italtel Sit R&D Labs.-
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1.Introduction

Communication services, modes,
and technologies are independent vari-
ables that establish system architec-
tures suitable for metropolitan and
wide-area  network  applications.
Modes and technologies are selected to
satisfy service needs at reasonable
costs giving birth to new forms of com-
munication networks. We review here
the evolution of both telephone and
high speed data networks into the
wideband Integrated Services Digital
Network (ISDN).

The telephone industry is evolving
service capabilities through the en-
hancement of digital central offices to
switch narrowband ISDN user appli-
cations, via 2 B+D and 30 B+ D lines.
As integrated opto-electronics for op-
tical fiber and video codecs are per-
fected, broadband switching matrices
with fiber plants will debut at the local
exchanges and eventually at the toll of-
fices. Small scale wideband circuit
switches in the form of fiber stars have
already been developed and imple-
mented. Research being conducted in
“Fast Packet Switching” is attempting
to utilize simple protocols and fast
switching devices to replace the con-
cept of dedicated circuit switching.
Wideband Packet Switching and
Wideband Circuit Switching are today
conceived to operate at speeds of 34 up
to 140 Mbit/s.

The data industry approaches the
ISDN challenge from another per-
spective: that of distributed data sys-
tems using fiber optic rings and buses
with TDM/MA (time division multi-
plexing with multiple access). These
MANSs (Metropolitan Area Networks)
are already under development. The
IEEE 802.6 slotted ring project and the
FDDI ring of the ANSI committee are
examples of systems that use ring tech-
nology to distribute between 100 and
500 Mbit/s of bandwidth over a met-
ropolitan area mixing voice, video,
and data. These rings utilize hybrid
switching technology and protocols to
provide both packet and circuit
switching services.

Some alternative network ap-
proaches are presented side by side
with the service demands that are
propelling them.

2. Services, Technologies
and Communication Modes

This section deals with the key
building blocks to develop wideband
communications networks for multi-
service applications:

- services,
- technologies,
- communication modes.

Table I shows the range of approxi-
mate bit rates suitable for transmission

Rough Bit-Rate for Various Services Table I
Service Mbit/s Class
®Telemetry 0,0001 L
®Data/Text 0,01 oW
®\Voice,Data/Image 0,1 Bpeed
®Hi-Fi Sound 1 .
@ Videophone 1to10 Me tam
®Data/Image 1to10 Speed
®Conventional TV 50 to 100 High
®High-Definition TV 150 to 1000 5 19
®Data/Image 10 to 1000 ? peed
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Progress in Information Technology Table I1
Information Key Typical
Technology Parameter Growth Factor

Bit Rate x Rep. Spacing:

Lightwave Mbit x km 10?2 per Decade
—_— per year)
Memories:

Silicon Components Density 1(102 p::: D:;i?e
per Chip 0 pery
Memories:

GaAs Components Density 10?2 p:: Dg;?f;e
per Chip pEr.¥

: 100 per Decade
Processing MIPS (1,6 per year)

of various communication services.
Three classes are roughly identified.
The low speed class is the target of the
narrowband ISDN currently defined
by CCITT. The high speed class is cer-
tainly addressed by the wideband
ISDN together with the medium speed
class services. Image communications
for high resolution interactive gra-
phics/data by means of powerful
workstations is forecasted to demand
speeds on the order of hundreds of
Mbit/s.

Table IT identifies some ‘invari-
ants” in the process dynamics of the
information technology (computers
and communications) evolution. Key
technological parameters show typical
growth factors in the last decade, and
those factors can be used to forecast
growths for the next decade. Figure 1
illustrates progress in lightwave tech-
nology. A key parameter is the capaci-
ty of the fibre transmission systems in
terms of information flow and repeat-
erless span length (Mbits-'km). The
projection shows also that the time de-
lay between commercial deployment
and leading edge laboratories’ tests is

108 LCx R[Mbits Tkm]
10t
102 L

1 1 I

1980 1985 1990

Fig. 1 Lightwave Progress (M.R. Aaron)
G Capacity
R Repeater Spacing

Leading edge laboratories’ test
Commercial Systems

about 6 years. By the end of this de-
cade we will have commercially avail-
able: 1 Gbit/s over spans of one
hundred kilometers or 10 Gbit/s over
1 km.

The third topic addresses the vari-
ous modes of communication in terms
of network topologies, switching alter-
natives and network resources control
capabilities. Figure 2 shows two possi-
ble evolutions of the present telephone
network topology: both are stimulated
by progress in fiber technology. Alter-
native switching techniques are listed
in Table III. Fast circuit and packet
switching are advanced techniques to
allow the development of high
throughput—Ilow delay switching ma-
chines in the packet mode of opera-
tion. Hybrid switching recognizes that
conventional circuit switching of cir-
cuits at hundreds of Mbit/s for high
definition moving pictures is superior
to fast packet switching (FPS), unless
the bit rate of the FPS data link reaches
values of at least an order of magni-
tude greater than the high definition
signal peak transfer rate. In other
words, FPS of high definition TV

Communications Switching Techniques

Long
Distance

Long
Distance

Long
Distance

Fig.2 Metropolitan Area Network Topologies

a Present Telephone Network
b Multi-Access Bus Structures
c Centralized Tandem Hubs
C.0. Central Office

channels at 280 Gbit/s requires a data
link bit rate of 10 Mbit/s , to take ad-
vantage of the statistical properties of
several multiplexed TV channels on
the data link. Hybrid switching claims
indeed use of both techniques: packet
and circuit switching. This concept is
applied to both narrowband and wide-
band ISDN approaches. In the wide-
band network, circuit switching is used
for voice, bulk data and motion video,
while packet switching applies to voice
as well, data and high speed imaging.
Both techniques should operate on
channels at hundreds of Mbit/s.

Table 111

-Fast

-Cut-Through
-Fast

®Circuit Switching (CS)
-Subrate/Multislot

-Enhanced (DSI & ADM)
®Packet Switching (PS)

-Virtual Circuit
-Data/Voice Gram

®Hybrid Switching (HS)
-Basic-CS for Voice
Bulk Data
& Motion Video
-PS for Bursty Data
& Imaging
-Enhanced (DSI & ADM)
-Advanced-CS for Voice,Data
& Motion Video
-PS for Voice,
Data & Imaging
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Fig.3 Bandwidth Allocation Control
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In a hybrid switching environment
the degree of control capabilities for
flexible bandwidth allocation is of
great importance. Figure3 illustrates
the problem with reference to a TDM
frame format used on hybrid channels.
A field of the time frame (0) is devoted
to OSI Layer | features. These are the
TDM transmission formats to be used
on optical facilities to allow proper
maintenance and operation features
such as: add-drop capabilities, span
and network supervisory channels,
protection switching and cross-con-
nect switching (see for example the
Bellcore’s SONET standard proposal).
This is required also in cases of fully
packetized networks. The other fields
include signaling (A), circuit switched
TDM channels (B), and packet
switched message-interleaved chan-
nels (C). Signaling can be used to set
up both “physical” and “‘virtual” cir-
cuits in the B and C fields, as well as to
move the boundary. In an alternative
approach the A field is empty, while
the signaling channel is virtual and
embedded in the C field. This high
speed signaling channel controls both
virtual circuits in C and physical cir-
cuits in B, as well as boundary move-
ments. Which way to go for such fea-
tures in the future is not clear to the
writer. The problem of flexible band-
width control is complex and applies
both to data link utilization and to
switching machine design. Current
technical activities are focused on such
problems and probably require differ-
ent solutions in different network sce-
narios: local (< 5km), metropolitan
(< 50km) and wide (> 50km) area
networks.

3. Wideband Network
Approaches

The telephone and the data indus-
tries are approaching the development

Residential or
Business Subscriber

140-560 Mbit/s
Fiber Loop
~256 Subscribers

Video

Voice

0,6-2,4Gbit/s
Fiber Feeder

Links to Other
Local Exchanges

Data :[ @ __]J

Voice
Data

Remote Unit

Video

Sound

be—— ~ 2 km —=p——— ~ 20 km ——=| (Service

Video
il <i:ﬁ> I;
Voice (/
Data
Local Exchange

Terrestrial
or Satellite
TV Distri-
bution

Video

Vendor

Fig.4 Wideband Circuit Network — Double Star
CC Common Control

of wideband multiservice networks
from slightly different perspectives, as
shown by the technical literature and
the standards activities in CCITT,
IEEE and ANSI. Both approaches
seek for high speed circuit and packet
channels (up to hundreds of Mbit/s)
with hybrid switching capabilities. On
the other hand, the telephone industry
is focusing on metropolitan and wide
area networks for residential and busi-
ness applications, while the data in-
dustry looks primarily for local and
metropolitan business applications.
We review here some alternative typi-
cal approaches to wideband networks;
they focus on long-term (5 to 10 years)
sample scenarios. One-way broadcast
and two-way point-to-point and point-
to-multipoint connections are allowed
by all four network architectures.

3.1 Wideband circuit network

The double-star topology is used in
this scenario where the metropolitan
area is partitioned in a two-level hub-
bing system (fig. 4). Fibers are mono-
mode in the loop and the feeder. High
speed (140 Mbit/s) video switching
uses dedicated space division matrices
under common control with low speed
voice and data. Figure 5 shows that the
‘video service vendor delivers a full set
of broadcast TV channels up to the re-
mote switching units. Here the TV
channels are individually switched on
demand towards the requesting sub-
scribers. In this latter figure, the OSI
layering is applied at the various sys-
tem interfaces (Tab. IV). Two-way vi-
deo applications are also allowed in
the depicted scenario.

Customer l@e——— Network ——— i Service

.
i

Premises i "'Vendor
| Network | Premises
| Maintenance |
Signaling Network Remote OAM
Entity Termination Module VsV
Multiservice ' |
Terminal SE T RH CM N_—T'—
Centralized

T
: Module
[
|
f

[
|
|

Full Set of Broadcast _}

TV Channels |

Fig.5 Wideband Circuit Network — Signalling Scenario for Broadcast and Interactive Video Services

S, U, G Reference Interface Points (see also table IV)
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Interfaces Table IV

1] Sgg Ugs Ggg Gpp
E E E E
2| LAPD LAPD LAPD LAPD Tnterfazes
3| Customer Access |Remote Module| Service Access
0SI Protocol Protocol Protoco] BB:

Layers Service-Network| Broadband
4 -« Customer-Network App]1cat10n-—|<m— LAPD
to Link Access Protocol D
7 |=—— Customer-Service Vendor Application —— LAPDE:

Extended LAPD

3.2 Wideband packet network

Packet switching is largely absent in
the wideband circuit network ap-
proach. The contrary occurs in the op-
posite wideband packet network ap-
proach, as drawn in figure 6. The core
of the network is composed of FPS
nodes interconnected by high-speed
data links (let’s say up to 140 Mbit/s).
The access is provided through access
interface devices that implement gate-
way conversions of signal and proto-
col formats. Access is offered to the tel-
ephone and narrowband ISDN net-
work, to customer premises equipment
and private local networks. Switching
equipment is designed to introduce
low message delays in order to permit
real time man/machine communica-
tions (a few milliseconds each switch).
High speed data/image communica-
tions are allowed together with medi-
um-speed moving video signals, let’s
say up to 10 Mbit/s. This network ar-
chitecture is also applied to a double-
star topology in the metropolitan
areas.

PSTN

N/

HSL — HSL ~~ HSL
CPE D
Long

Distance

HSL

Fig. 6 Wideband Packet Network — Double Star

PSTN Packed Switch Telephone Network
FPS  Fast Packet Switch

HSL High-Speed Link

Al Access Interface

CPE Customer Premises Equipment

3.3 Wideband multi-access network

A distributed access approach is fol-
lowed by the data industry driven net-
work implementations for local and
metropolitan areas. A fiber feeder con-
nects several access nodes in a distri-
buted network topology to form rings,
buses and trees (fig. 7a). Access nodes
use the full feeder capacity to switch
physical and virtual circuits through-
out the network. Access interface devi-
ces perform access gateway conversion
functions and channel distribution to
user devices or to internetworking
connections. In a “slotted ring” ap-
proach the feeder bit rate is subdivided
in composite building blocks as shown
in figure 7b. These blocks may corre-
spond to the hybrid circuit and packet
information bit frame discussed in the
introduction to figure3. Movable
boundary control in a distributed mul-
ti-access network for a metropolitan
plant is a complex issue in the design
of such networks. IEEE and ANSI
standards are going to study incorpo-
ration of such a feature in 45, 100 and
500 Mbit/s multiple ring network ar-
chitectures.

3.4 Wideband hybrid network

Such a network derives from the
merging of the best features of the cir-
cuit and packet technologies. A dou-
ble-star topology is assumed for the
network layout in the belief that this
topology meets easy growth and oper-
ational requirements. In this appro-
ach, switching nodes can be imple-
mented by switching matrices or by
any other switching interconnection
mechanism (such as a ring or a bus)
realized in a reliable local physical
equipment.

Figure 8 shows three TDM frame
formats to be used at the access inter-
faces of the hybrid network. Fixed
boundary is used between circuit and
packet resources. Two formats apply
at 560 Mbit/s with four chunks at 140
Mbit/s each. In the first format no

a
\
— Al
—a
[
Fixed
b Boundary
A4
Heare |y
Time
—_—

Fig.7 Wideband Multi-Access Network —
Ring, Buses and Trees

a Distributed Topology/Control

b Frame Layout (140 Mbit/s Blocks)

Al Access Interface Channel Distribution
X Access Control/Protection Switching
F Fiber Feeder, n x 1,2 Gbit/s

H Header

S&C Signaling & Control

CS  Circuit Switching

FPS Fast Packet Switching

low-speed ISDN channels (B and D)
are included. Hence signaling is con-
veyed in the FPS wideband channel
for control of both the 3 wideband cir-
cuit switched channels and the virtual
FPS circuits. The second alternative in
addition incorporates two B-channels
and one D-channel at 64 kbit/s each.
In this case, the D-channel is used for
circuit switching of all circuit switched
channels. It remains to be evaluated
the D-channel capability to support at
such slow speed (64 kbit/s) setting up

140 Mbit/s
Chunk

clcs | cs|cs |FP5|

64 Kbit/s
Chunk

chs | cs | cs Eaan

SHHEaR

140/70/34 Mbit/s
Chunks

Fig.8 Widebank Hybrid Network —Double Star,
Access TDM Frame Layout

a 560 Mbit/s

b 560 Mbit/s

¢ 140 Mbit/s
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and tear down of virtual circuits in the
FPS wideband channel (140 Mbit/s).
The last frame format in figure 8
shows similar criteria applied at a 140
Mbit/s interface where the chunks are
at 34 Mbit/s each.

4. Summary Remarks on
Alternatives

Table V tells us that the driving for-
ces towards development of wideband
fiber networks include the following
components.

- Services: High speed is the emerging
requirement for both video and
data.

- Technologies: Remarkable advances
in lightwave technology and high
speed integrated circuits are sup-
porting aggressive cost reduction
perspectives.

- Networks: High speed switching in
both circuit and packet modes is the
necessary mechanism to satisfy most
emerging service requirements; dy-
namic bandwidth allocation and the

Summary Remarks

Table V

® Services
(High Speed)

e High Speed Data

eTechnologies
(Intergrated Optics)

® ibers
VHSIC:

Very High Speed
Integrated Circuits

® VHSIC

® Image Communications

e(ptoelectronics (E/0)

® Networks
{(Flexibility)
eDyramic Bandwidth Allocation
eStatistical Switching
e Topology/Control

®Deployment Strategies
(Marketplace Demand)
® Business
® Entertainment

network control techniques are the
challenges in the design of large
wideband networks loaded by un-
known service input traffic profiles.
Deployment strategies: That is to say
that the best network architecture
should meet the market needs; mar-
ket driven requirements of cost ver-
sus performance for various service

applications should ultimately dom-
inate the selection of the equipment
and the deployment strategy. Busi-
ness needs and residential needs
should be carefully evaluated in par-
ticular for the choice of the services
that should economically justify the
large investments needed for the
wideband network deployment.
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utende, in- und ausléndische Industrie-Unter-
nelimen sowie Spitéler, Banken, Versicherungen,
ahnen und Elektrizitatswerke verlassen sich
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Gegen schlechie Verbindungen.

Zellweger ist fuhrend in der Entwick-
lung und Herstellung modernster Kommunikations- und Datensysteme, die Uberall
dort gebraucht werden, wo zuverlassige Verbindungen entscheidend sind. Das ist in
der Armee der Fall, aber auch bei der PTT und in der Privatwirtschaft. Nebst einigen
Typen der neuen TRITEL-Telefonapparate stammen samtliche Telefonkapseln aus
unserem VWerk Hombrechtikon. Wenn Computerdaten zu Ubertragen sind, steht das
TELEPAC-System zur Verfugung, das eine paketweise Ubertragung in Sekunden-
bruchteilen ermoglicht. TRITEL und TELEPAC, das sind zwei unserer bedeutenden
Beitrage zur Entwicklung der Telekommunikation, die immer wichtiger wird, well
man in der modernen Gesellschaft ohne gute Verbindungen nicht weiterkommit.

Zellweger fur sichere Kommunikation.

Zellweger

Zell Tel ications AG o -
CH-8634 Hombrochtikon. Telofon 055/41611 TeleCommunications
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