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COMMUNICATION NETWORKS

ASTN, ASON and Control Plane

Future Oriented Transport
Network Architecture

In this article, progress on Automatically Switched Transport Network (ASTN)
in ITU-T and other standardisation bodies is introduced. Possible future im-
plementation scenarios are presented. Realisation of the ASTN will help
Swisscom to save on operational cost of the transport network caused by
unpredictable traffic volume increase and future network complexity.

STN stands for Automatic Switch-
Aed Transport Network. Compared

with traditional transport net-
works, it adds an extra control plane.
Worldwide many network operators and

manufacturers are developing this tech-
nology today.

YU WANG

Why ASTN?

In recent years, network operators have
faced not only increasing traffic volumes,
but also growing service diversity. Dense
Wavelength Division Multiplexing
(DWDM) transport technology has suc-
cessfully solved the problem of traffic vo-
lume explosion. Thousands of kilometres
with DWDM systems offering Terabit ca-
pacity have been reported [1]. DWDM
network equipment has been installed in
the Swisscom core transport networks
since 1998. As IP traffic is becoming do-
minant, traditional protocol stack IP over
ATM over SDH over WDM architecture is
being simplified. To simplify the layers
between IP and optical, packet over
SONET/SDH appeared with a thin SDH
frame. To reduce the latency and ineffi-
ciency of IP forwarding, Multi-Protocol
Label Switching (MPLS) managed to se-
parate forwarding information (label)
from the content of the IP header by ad-
ding a MPLS labels stack. Then, Con-
straint-Based Routing (CBR) and source
routing techniques can be used to direct
IP packets through a selected path from
ingress to egress LSR, which fulfils admi-
nistrative and QoS (Quality of Service)
constraints. Considering that CR-LDP (La-
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bel Distribution Protocol) and/or RSVP-TE
(ReSource Reservation Protocol — Traffic
Engineering) are used to establish the
forwarding state along the Label-Swit-
ched Path (LSP), MPLS could been seen
as “connection-oriented” instead of
connectionless.

In figure 1 the IP network (the client) and
the SDH/WDM network (the transport
network) are managed separately. Here,
the SDH/WDM nodes form the transport
plane and are symbolised by the colou-
red WDM de/multiplexers; the network
and node management system forms the
management plane symbolised by the
lower computer. The WDM network is
“manually” configured with disjoint links
(done with BASKAL at Swisscom). The IP
network will perform IP routing and
IP/MPLS traffic engineering. The connec-
tion of the IP routers and the WDM
system is static. Such a static connection
is provisioned either by a management
system or manually.

However, the growing service diversity
causes the traffic volume increase to be
more unpredictable. Multi-services, for
example IP, ATM, GbE, FC, ESCON, Fl-
CON, 3G mobile etc. add network com-
plexity. Also, the number of leased line
services with higher bit rates (e. g. STM-
1, E3) will also increase. Unlike the tradi-
tional telephone services, traffic patterns
of these new services are unknown at
present. Due to the complexity, operatio-
nal costs are increasing. In addition, as
new service providers emerge, the price
per bit is decreasing to be competitive.
Operators need to find an intelligent way
to integrate and manage these technolo-
gies. Therefore, it is proposed to intro-
duce a control plane to the transport
network. A control plane has connection
controllers and call controllers. Intelli-
gence is distributed to the transport net-
work by the controllers, each of which
resides logically in an optical network
element. However, they can be physically
co-located. In addition to the control
plane, intelligence must also be imple-
mented into the transport plane and ma-
nagement plane as well. Through signal-
ling between the control plane, the
transport plane and the management
plane, the control plane can flexibly set
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ITU-T: ASON Architecture (G. 8080)

ASON control plane witched
path layers:

SDH: VC-|, VC-4-Xc

SDH: ODUk, OCh

ASTN Requirement (G.807)

Protocols:

IETF: (GMPLS)

RSVP-TE, CR-LDP,
ISIS/OPSF-TE Extensions etc.

ATM Forum: PNNI
OIF: UNI

Fig. 2. The promising marriage of ASON and GMPLS in the ASTN family.
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Fig. 3. Migration scenario 1.

up and maintain end-to-end connections
between client nodes and may restore a
connection in event of a failure. This
means that Automatic Switched
Transport Network (ASTN) will help to
save the operational cost. Then, ASTN
will help to increase profit.

Standardisation activities

How can the ASTN be realised? How can
call control and connection control func-
tions be performed? Several standardisa-
tion bodies, like ITU-T, ATM Forum, OIF
and IETF, are working on various aspects
of automatic switched transport network
specifications.

ASTN activities at IETF

GMPLS [2] is an abbreviation of Gener-
alised Multi-Protocol Label Switching
approached by the Internet Engineering
Task Force (IETF). GMPLS with extended
MPLS aims at controlling multi-layer net-
works: LSP packet layer (IP), VC-4 layer
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(SDH), lambda layer (WDM) and fibre
layer (physical media dependent). GMPLS
incorporates MPLS signalling and IP
routing protocol extensions, which use
MPLS constraint-based routing, RSVP-TE
and LDP protocols. A subset of GMPLS is
called MPAS, which is trying to switch
wavelengths and fibres with an IP-centric
control plane.

GMPLS is a bottom-up approach and
opens up interesting architectural possi-
bilities. However, it was felt that the
details are missing i.e., a general archi-
tecture and detailed routing attributes
are not very clearly defined yet. Fortuna-
tely, the ASTN architecture provided by
ITU-T may compensate for it.

OIF and ATM Forum

The Optical Interworking Forum (OIF) is
working on the User Network Interface
(UNI). The ATM Forum is working on a
Private Network to Network Interface
(PNNI) signalling specification [3] for the
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control of SDH and OTN, since it provi-
des field trialled/deployed signalling solu-
tion and PNNI is more resilient than soft
state protocols. It is possible that these
protocols can also be used in ASTN.

ASTN activities at ITU-T

ITU-T is cooperating with the IETF in the
area of signalling and routing protocols
for the Optical Transport Networks (OTN).
G.807, a technology neutral “Require-
ments for the Automatic Switched Trans-
port Networks (ASTN)”, was approved in
May 2001 by ITU-T and forms the um-
brella recommendation of the ASTN fa-
mily. In the G.807 ASTN family, other Re-
commendations are under development in
ITU-T. Another important Recommenda-
tion, G.8080 [4], Architecture for the Au-
tomatically Switched Optical Network
(ASON), was consented in October 2001
in Geneva, which specifies the architec-
ture and requirements for the ASON as
applicable to SDH transport networks and
OTN. Under the ASON there is a group of
Recommendations with details on imple-
mentation protocols. Figure 2 shows the
SDH and Optical Transport Network (OTN)
path layers, which should be switched by
the ASON control plane. Also it shows the
best possible use of the ITU-T Recommen-
dations and the protocols from other stan-
dardisation bodies to fulfil the optical con-
trol plane architecture requirements. Here,
the management plane is still required to
calculate the route for soft permanent
connections and provide the control plane
with an explicit route.

The SDH path layers are convenient to be
switched. To provide a transport infra-
structure for other data formats, SG15 has
developed a series of Recommendations
including G.872 and G.709 [5] for the
OTN with framing structure (“digital
wrapper”), overhead bytes and payload
mappings with an efficiency not expected
from current optical transport solutions,
and G.959.1 for OTN physical layer inter-
face.

Migration scenarios

From the traditional transport network,
the first migration scenario can be to set
permanent connections between NE's of
transport network and the user NE's,
with switched connections between the
transport network NE’s, as shown in fi-
gure 3. With the addition of an extra
control plane, set-up and tear-down of
connections are carried out quasi-auto-
matically. This is called soft permanent

21



COMMUNICATION NETWORKS

connection. The first connection may be
VC-i layer or VC-4-Xc layers, before the
OTN appears.

A soft permanent connection has disjoint
links, protection and separate IP and
WDM management: signalled switched
channels in SDH/WDM, but with perma-
nent connection between the client
(user) and the network. The SDH/WDM
and IP layers will have their own control
plane, the so-called overlay model, such
that the SDH/WDM can also control
other non-IP client traffic. Both control
planes can also be partly integrated, i.e.,

cost. Further cost reduction should aim
to reduce the number of the 3R trans-
ponders.

From this Homo Sapiens (1 Generation
ASTN) in figure 3, evolution to next ge-
neration ASTN might comprise next ge-
neration OXCs in a meshed OTN topo-
logy with intelligent signalling at the
User-Network Interface (UNI). This 2"
scenario is shown in figure 4. It can be
soft permanent or switched connection
with configuration by UNI or manage-
ment and OTN IP traffic engineering. The
next generation OXCs contain the OTN

Ethernet Access |

<+ >
Signaling

ATM Access

7 New
:X:: \ Techn

— Other Access
SDH Access

Fig. 4. Scenario 2 switched connection.

a hybrid model, with signalling via a UNI.
Optical Cross-Connects (OXC) with elec-
tronic core will be used. The control
plane manipulates the OXC with VC-i or
VC-4-Xc layer switching, while protec-
tion/restoration and configuration are
done by management. The advantages
of a soft permanent connection include
avoiding the need to develop a new
commercial interface, i.e., no new billing
system or security system is required bet-
ween the network operator and the user.
When the OXC technologies mature,
OXC with optical core might be used to
replace the OXC with electronic core in
WDM network. An opagque OXC com-
prises optical 3R transponders or wave
length translators. In an optical network
it is necessary to use 3R transponders
for regeneration, eliminating Polarisa-
tion Mode Dispersion (PMD) and Chro-
matic Dispersion (CD) impairments. Ho-
wever, most of the NE cost is the 3R
transponder (wavelength translator)
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interface. The ASTN in scenario 2 might
be a hybrid model, with partial signalling
between the IP and OTN layers. The rea-
sons are the following: it is commonly
felt today that a peer-peer model, i.e.
common control plane for IP and
OTN/WDM layer, was not very practical.
Firstly, the network operator may not be
willing to let the client know about and
control its network resources. Secondly,
there are also lots of non-IP clients to be
carried through the transport network,
for instance, the leased line services.

It is likely that scenario 2 would be reali-
sed in many steps. In scenario 2, swit-
ched connections will be optimised: the
routing protocols will take into conside-
ration the parameters, like Optical Signal
to Noise Ratio (OSNR), PMD, CD for
multi-span transit traffic, wavelength
number, bandwidth, link optical loss, de-
lay time (fibre and NEs) etc. At present,
these parameters are still to be defined.
Both IETF and ITU-T are working on it. Fi-

nally, a not-to-be-neglected parameter is,
of course, the number of regenerator/3R
transponders required by a connection,
i.e., the cost.

Conclusion

In this paper the features and benefits of
an ASTN have been briefly introduced.
Standardisation activities in this field
have been reviewed. Finally, possible mi-
gration scenarios have been presented.
Realising the ASTN will help Swisscom to
save on operational cost of the transport
network caused by unpredictable traffic
volume increase and network complexity.
However, further development and en-
gineering are required, as the ASTN tech-
nology is still at an early stage.

In the future, further development would
be a more advanced scenario or scena-
rios. For example, Photonic Cross-
connects (PXC) could be used as the
layer zero (LO) network node, the IP rou-
ter and OXC or PXC could be further in-
tegrated. Even more radically, optical
packet switching would also be a candi-
date. However, these will depend not
only on the technology, but also on the
market evolution. (6]
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FORSCHUNG UND ENTWICKLUNG

Mikrokamera wiegt nur noch 0,3 g
Der Kampf um maglichst kleine und
leichte Kameras fur kiinftige Bildubertra-
gung auf dem Mobilfunkgerat ist in eine
neue Phase getreten: Seit Anfang Okto-
ber verkauft Fujitsu eine CMOS-Mikroka-
mera, die 8 X 7 X 5 mm? klein ist und
nur 300 mg wiegt. Sie ist CIF-kompatibel
(Common Intermediate Format), liefert
Farbbilder und hat eine eingebaute
Kunststofflinse. Zugleich wurde der Bild-
sensor und der Farbprozessor auf einem
einzigen Chip integriert. Bei 15 Bild-
wechseln pro Sekunde braucht das
ganze Kameramodul nur 30 m\W bei

2,8 V Versorgungsspannung. Die Bild-
auflésung wird mit 357 x 293 Pixel
(effektiv) angegeben. Als Preis in Japan
wurden 42 US-$ genannt. Die Mikroka-
mera ist derzeit die kleinste und leichtes-
te der Welt.

Fujitsu Limited

Marunouchi Center Building
6-1 Marunouchi 1-Chome
Chiyoda-ku

Tokyo 100, Japan

Tel. +81-3-3216-3211

Mit Zahnen und Klauen

Der Uberlebenskampf der Speicherchip-
Industrie beschaftigt jetzt die Juristen:
Die amerikanische Micron Corporation
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Zusammenfassung

ASTN, ASON und Control Plane:

Future Oriented Transport Network Architecture

Dieser Artikel handelt von den Fortschritten, welche die ITU-T und weitere
Normierungsgremien auf dem Gebiet des Automatically Switched Transport Net-
work (ASTN) erzielt haben. Ebenso geht er auf die verschiedenen Szenarien ein,
die sich fur die Einfuhrung dieses Netzes anbieten. Das ASTN wird Swisscom er-
lauben, die Betriebskosten, die bei einer unerwarteten Zunahme des Verkehrs-
Ovolumens und bei wachsender Netzkomplexitat unweigerlich ansteigen werden,
in Grenzen zu halten. ASTN steht fiir Automatic Switched Transport Network.
Was dieses Netz von den Ublichen Transportnetzen unterscheidet ist die zusat-
zliche Steuerebene. Heute gibt es weltweit eine Vielzahl von Ausristern und Be-

treibern, die an dieser Technik arbeiten.

und die deutsche Infineon Technologies
AG haben vor der Welthandelsorganisa-
tion Klage gegen die koreanische Hynix
Semiconductors eingereicht. Den Korea-
nern wird vorgeworfen, mit Hilfe unfairer
Staatshilfen die Preisspirale weiter nach
unten zu drehen, um sich Uber niedrige
Preise erhohte Marktanteile zu verschaf-
fen. Solche Wettbewerbsklagen hat es
wahrend des letzten Abschwungs schon
mal gegeben: Sie zielten ebenfalls auf
die koreanische Konkurrenz.

«System on Glass»

fiir Mobilfunkgerate

Ein erstes Farbdisplay fiir Handys, das die
zugehdrigen Treiberschaltungen als
ganzes System auf dem Glastrager mit
beinhaltet, hat NEC entwickelt. Die Poly-
silizium-Transistoren werden in einem
Niedertemperaturprozess bei der Struk-
turierung des Displays gleich mit aufge-
bracht. Das helle LCD-Display bietet ul-
trafeine Bilder mit einer Auflésung von
230 Pixel pro Zoll (Pixeldurchmesser etwa
0,1 mm), ist 360 x 480 Pixel gross, kann
260000 Farben darstellen und damit
Standard-TV-Bilder nach CIF auflosen.
Um Energie zu sparen, bietet es den Par-
tial Display Mode an, eine Eigenschaft,
bei dem fUr eine erste Sichtung zunachst
nur 11% vom Bild angeboten werden,
bis zu einer Entscheidung des Nutzers

Uber den Vollbildmodus. In diesem Ener-
gie sparenden Mode braucht das LCD
nur 1,7 mW an Leistung.

NEC Corp.

7-1 Shiba 5-chome
Minato-ku

Tokyo 108-01, Japan
Tel. +81-3-3454 1111
Fax +81-3-3798 1510

Molekiile mit Metalldrahten
Forschern der Arizona State University ist
es nach eigenen Angaben gegltickt, Me-
tallelektroden an die beiden Enden eines
Kettenmolekuls anzubringen. Damit ist
es erstmals moglich, reproduzierbare
Messungen an molekularen Bausteinen
durchzufiihren. Die ersten Messungen
hat man an nur 1 Nanometer kurzen
«Drahten» vorgenommen. Mit dem Ver-
fahren kommt man der Charakterisie-
rung von elementaren Nano-Schaltele-
menten, wie beispielsweise Transistoren,
Dioden und Logikgatter, einen grossen
Schritt naher.

Arizona State University
University Drive & Mill Avenue
Tempe AZ 85287

USA

Tel. +1-480-965 9011

E-Mail: information@asu.edu
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