Office de la Propriete Canadian CA 2379046 A1 2001/01/18

Intellectuelle Intellectual Property
du Canada Office (21) 2 379 046
v organisime An agency of 12 DEMANDE DE BREVET CANADIEN
d'Industrie Canada Industry Canada CANADIAN PATENT APPLICATION
(13) A1
(86) Date de depot PCT/PCT Filing Date: 2000/07/05 (51) CL.Int.//Int.CI.* HO4J 14/02, HO4B 10/213

(87) Date publication PCT/PCT Publication Date: 2001/01/18| (71) Demandeur/Applicant:

(85) Entree phase nationale/National Entry: 2002/01/10
(86) N° demande PCT/PCT Application No.: EP 2000/006403| (72 Inventeurs/Inventors:

KONINKLIJKE KPN N.V., NL

PETERS, MICHIEL GERARD, NL;

(87) N° publication PCT/PCT Publication No.: 2001/005083 VAN DER TOL, JOHANNES JACOBUS GERARDUS
(30) Priorite/Priority: 1999/07/12 (1012568) NL MARIA, NL

(74) Agent: FETHERSTONHAUGH & CO.

(54) Titre : RESEAU DE TRANSMISSION OPTIQUE DOTE D'UNE CONFIGURATION DE PROTECTION
(54) Title: OPTICAL TRANSMISSION NETWORK HAVING A PROTECTION CONFIGURATION

N1
=
PS1
PF
(57) Abrége/Abstract:

N2
rH —
‘ D
WF ‘ L
iy trH! PSs

An optical transmission network with protection configuration comprises an operational connection (WF) for signals having a
high priority (tr,) and a protection connection (PF) for the transmission of high-priority signals (tr;,) in the event of an error

condition of the operatior

al connection (WF). In the protection connection (PF), switching elements (S, S,) are located having

therebetween a section (

°F,) over which, in the event of undisturbed operation, a signal of low priority (ir, ) Is conducted. The

switching means are controlled by detection means (M,/C., M,/C,). In the event of an error condition, the high-priority signal on
the protection connection Is detected, and the switching means are switched In such a manner that a low-priority signal

transmission Is no longer
optical annular network.

Canada

possible. The low- and high-priority signals may be WDM signals, and the section may be part of an

R N
RO TR S o
N "'c‘-‘-.u:-:{\: . N7
S
N

http.:/opic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//eipo.ge.ca OPIC
OPIC - CIPO 191




01/05083 Al

=

CA 02379046 2002-01-10

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date

A 00 AT 0 A0 A

(10) International Publication Number

18 January 2001 (18.01.2001) PCT WO 01/05083 Al

(51) International Patent Classification’: HO04J 14/02,
HO4B 10/213

(21) International Application Number: PCT/EP00/06403
(22) International Filing Date: 5 July 2000 (05.07.2000)
(25) Filing Language: English
(26) Publication Language: English

(30) Priority Data:
1012568 12 July 1999 (12.07.1999)  NL

(71) Applicant (for all designated States except US): KONIN-
KLIJKE KPN N.V. [NL/NL]}; Stationsplein 7, NL-9726
AE Groningen (NL).

(72) Inventors; and

(75) Inventors/Applicants (for US only): PETERS, Michiel,
Gerard [NL/NL]; K. Doormanlaan 75, NL-3572 NH
Utrecht (NL). VAN DER TOL, Johannes, Jacobus,
Gerardus, Maria [NL/NL]; Gooisehotf 142, NL-5709 LL
Helmond (NL.).

(74) Agent: KLEIN, Bart; Koninklijke KPN N.V,, P.O. Box
95321, NL-2509 CH The Hague (NL).

(81) Designated States (national): AE, AL, AM, Al, AU, AZ,
BA, BB, BG, BR, BY, CA, CH, CN, CR, CU, CZ, DE, DK,
DM, EE, ES, FI, GB, GD, GE, GH, GM, HR, HU, ID, IL,
IN, IS. JP, KE, KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU,
LV, MA, MD, MG, MK, MN, MW, MX, NO, NZ, PL, PT,
RO, RU, SD, SE, SG, SIL, SK, SL, TJ, TM, TR, TT, TZ, UA,
UG, US, UZ, VN, YU, ZA, ZW.

(84) Designated States (regional): ARIPO patent (GH, GM,
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZW), Eurasian
patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European
patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE,
IT, LU, MC, NL, PT, SE), OAPI patent (BE, BJ, CF, CG,
CIL, CM, GA, GN, GW, ML, MR, NE, SN, TD, TG).

Published:

—  With international search report.

—  Before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments.

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Title: OPTICAL TRANSMISSION NETWORK HAVING A PROTECTION CONFIGURATION

(57) Abstract: An optical transmission network with protection configuration comprises an operational connection (WF) for signals
having a high priority (try) and a protection connection (PF) for the transmission of high-priority signals (try) in the event of an error
condition of the operational connection (WF). In the protection connection (PF), switching elements (S;, S;) are located having
therebetween a section (PF,) over which, in the event of undisturbed operation, a signal of low prionty (try) 1s conducted. The
switching means are controlled by detection means (M,/C;, M,/C,). In the event of an error condition, the high-priority signal on
O the protection connection is detected, and the switching means are switched in such a manner that a low-priority signal transmission
is no longer possible. The low- and high-priority signals may be WDM signals, and the section may be part of an optical annular

network.



10

15

20

23

30

35

CA 02379046 2002-01-10

WO 01/05083 PCT/EP00/06403

Optical transmission network having a protection configuration.

A. BACKGROUND OF THE INVENTION

The invention lies in the area of optical transmission
networks. More in particular, it concerns an optical
transmission network having a protection configuration for
transmitting 0ptical signals having a low and a high priority,
according to the preamble of claim 1.

Such an optical transmission network is disclosed in
reference [1] (for more bibliographical detail, see below under
C.).

For a protection configuration in optical transmission
networks, basically four schemes are known, which are denoted by
1+1 protection, 1:1 protection, 1:N protection and M:N
protection, respectively. Said schemes relate to signal

transmission over one (schemes 1+1 and 1:1) or more (schemes 1+N
and M:N) operational fibre connection(s) ("working fibre(s)") and
one (schemes 1+1, 1:1 and 1:N) or more (sheme M:N) protection
fibre connection(s) ("protection fibre(s)"), hereinafter to be
referred to as an operational connection and a protection
connection, respectively. In the 1+1 scheme, the signal
transmission takes place over the operational connection and the
protection connection simultaneously, the destination side
selecting either of the two connections for receipt. In the 1:1
scheme and in its more general forms - the schemes 1:N and M:N -
a protection connection is basically taken into use for signal
transmission only in the event that the signal transmission over
an operational connection is disturbed, such as, e.g., due to
fibre rupture. With said three schemes, under normal, i.e.,
undisturbed operation, the protection connection is therefore not
in use. Such connections, which are not used under normal
circumstances, may be used for traffic having a low priority, as
is known (see reference [1]), to increase the total traffic
capacity , which traffic has to make way, however, for protection
traffic which, in the event of a disturbed operational
connection, is led via the protection connection, and which is

assigned a high priority. In order not to disturb the protection
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traffic having a high priority, or at least to disturb 1t as
little as possible, said making way must take place as fast as
possible. In optical transmission networks, to which such
protection schemes are being applied, switching over to a

5 protection connection in most cases occurs under the control of a
central operating system, or by way of a signalling protocol.
The removal of the traffic having a low priority from a
protection connection to be taken into use for protection
traffic, too, might take place by intervention of a central

10 control or by way of a signalling protocol expanded for that
purpose. This would take place much too slowly, however.
Therefore, there is the desire in a transmission network of the
type referred to above to have the low-priority traffic on a
protection connection give way to the high-priority traffic

15 without intervention of a central control, or without applying

any signalling protocol.

B. SUMMARY OF THE INVENTION

The object of the invention is to provide for an optical

20 transmission network of the type referred to above, which
accommodates the desire referred to above. For this purpose, the
transmission system of the type referred to above according to
the invention is characterised as in claim 1. In this
connection, the invention makes use of the fact that, by means of

235 optical detection of the presence of protection traffic on the
protection connection it may be decided, in the optical domain
itself, when the low-priority traffic of a relevant part of the
protection connection must make way. In general, for the
detection may be applied detection means may be applied which

30 are selective for one or more signal characteristics in which the
signals having high and low priorities differ from one another,
such as, e.g., in wavelength, in transmission direction, or also
via a signal component specific to the high-priority signal, such
as a pilot signal. For this purpose, in preferred embodiments

35 the invention has the characteristics of claim 2, claim 3 and

claim 4, respectively.
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Annular optical networks are typically suitable to the
application of protection configurations according to a 1:1

scheme or, 1n the event of WDM rings (WDM

Wavelength Division
Multiplex) according to a 1:N scheme or an M:N scheme. In this
connection, the protection may take place at the level of an
optical-multiplex section (= OMS) of such a ring, such as, e.qg.,
disclosed in reference [2], or at the level of an optical channel
(= OCH). A further object of the invention therefore is to also
provide for an annular optical network whose capacity of signal
transmission may be increased by applying low-priority traffic
over protection connections present in such rings. An annular
optical network according to the preamble of claim 13, known per
se from reference [2], for this purpose is characterised,
according to the invention, as in claim 13.

Other preferred embodiments of the invention have been
summarised in further subclaims.

The invention makes possible a more effective use of the
capacity of optical networks in general, and annular optical WDM
networks in particular. By applying low-priority traffic over
protection connections according to a 1:1 scheme during
undisturbed operation, the capacity of the network may even be
substantially doubled. The reaction time for having the low-
priority traffic give way to the high-priority traffic is
substantially restricted only by the switching time of optical
switches which, for the current prior art, lies in the range of
several microseconds to several milliseconds. The decision to
switch over 1s taken locally in the optical domain, therefore
requires no central control or any other signalling in the
optical network, and may be carried out relatively fast. Nodes
of an optical network may basically be arranged identically for
adding or dropping low-priority traffic, not only for such

traffic between adjacent nodes, but also for transit traffic.

C. REFERENCES

[1] R. Ramswami & K.N. Sivarajan, "Optical Networks: A
Practical Perspective", Morgan Kaufmann Publishers, Inc.,

San Francisco, California, 1998; more particularly Chapter
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10 "Control and Management", Section 10.4.1 "Protection

Concepts", pp. 430-434;

[2] F. Arecco et al., "A transparent, all-optical, metropolitan

network experiment in a field environment: The "PROMETEO"

self-healing ring", J. Lightwave Technol., Vol. 15, No. 12,

December 1997, pp. 2206-2213.

D. BRIEF DESCRIPTION OF THE DRAWING

The invention will be explained in greater detail by

reference to a drawing comprising the following figures:

FIG. 1 schematically shows a first exemplary embodiment of
the invention;

FIG. 2 shows a first variant for a component of the
exemplary embodiment according to FIG. 1;

FIG. 3 shows a second variant for an identical component as
the one shown in FIG. 2:;

FIG. 4 shows a first variant for a component of the
exemplary embodiment shown in FIG. 1 for application
1in a WDM connection;

FIG. 5 shows a second variant for an identical component as
the one shown in FIG. 4;

FIG. 6 schematically shows an annular optical network to
which the invention is applied;

FIG. 7 schematically shows a node of the network according
to FIG. 6;

FIG. 8 shows a scheme for wavelength allocation for WDM
channels for transmitting WDM signals over the
network of FIG. 6;

FIG. 9 schematically shows a component of the node shown in
F1G.7.

E. DESCRIPTION OF EXEMPLARY EMBODIMENTS

The exemplary embodiments described below are restricted,

only for reasons of simplicity of description, to a protection

configuration according to a 1:1 scheme. The principle of the

invention,

however, 1s also applicable to protection connections
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in protection configurations according to the more general
schemes 1:N and M:N.

FIG. 1 schematically shows a protection configuration
according to a 1:1 scheme, to which the invention is applied.
The configuration comprises a point-to-point connection between a
(signal) source S and a (signal) destination D, which may be part
of a more extensive optical network, the source and the
destination being located i1n different nodes N, and N, of the
network, as drawn, but which may also be separate. Between the
source S in node N, and the destination D in node N,, two
physically separated, optical signal connections are located,
namely, an operational comnnection WF ("working fibre") and a
protection connection PF ("protection fibre") which runs by way
of, e.g., network nodes N, and N,. Said two connections are
placed between a first protection switch PS, in node N, at the
side of the source, and a second protection switch PS, in node N,
at the side of the destination. In normal, i.e., undisturbed
operation, the protection switches are in switch modes such that
signal traffic between the source S and the destination D takes
place by way of the operational connection WF. In the event of a
disturbance of the operational connection WF, e.g., due to fibre
rupture, in both protection switches switching over to the
protection connection PF takes place. The control of the
protection switches, which are not further denoted in the figure,
takes place in the known way and is not per se part of the
invention. In the protection connection PF, two optical switches
S, and S, are included, which enclose a section PF, of the
protection connection between network nodes N, and N,. The
switches S, and S, may be switched between a first switch mode
(parallel mode in the figure, having interrupted lines), in which
first and second ports p, and p, are interconnected with third and
fourth ports p, and p,, respectively, and a second switch mode
(cross mode in the figure, having drawn lines), in which the
first and second ports p, and p, are interconnected with the
fourth and third ports p, and p,, respectively. The switches S,
and S, are controlled by control signals given off by signal-

detecting means M, and M,, respectively, which are coupled to the
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optical signal-tapping means C, and C,, respectively, placed at

the first port p, of the switches S, and S,. The signal-tapping

means are measured and orientated in such a manner that they tap

a fraction, e.g., 10%, of the power of an optical signal entering
S at the port p, of the switch in question, and conduct it to the

detection means coupled to the tapping means.

The configuration operates as follows. A distinction is

made between signal traffic having a high priority and signal

10 traffic having a low priority. The signal traffic between the
source S and the destination D is traffic having a high priority,
denoted in the figure by tr,, and hereinafter is also denoted by
high-priority signal tr,. In the event of undisturbed operation,
the signal traffic having a high priority, tr,, is conducted over

15 the operational connection WF. Only in the event of disturbance
on the operational connection, the protection switches PS, and PS5,
are switched over, and the traffic tr, between the source S and

the destination D is conducted by way of the protection
connection PF. In order not to leave the protection connection

20 unused in the event of undisturbed operation, in order to
increase the signal-transport capacity in the network, signal
traffic is conducted over at least a portion of the protection
connection PF, in this case section PF,. Said traffic, which is
referred to as signal tfaffic having a low priority or low-

25 priority signal, denoted by tr,, must disappear from the
protection connection, however, as soon as use is to be made of
the protection connection by the signal traffic having a high
priority. In the undisturbed situation, the switches S; and 5,
both are in the cross mode indicated above. Now, there are two

30 options for conducting the signal traffic having a low priority U
tr, 4 over the section PF, of the priority connection PF 1in
question. According to the first option, referred to as the co-
directional variant, the signal traffic tr, (continuous arrow) 1s
added, via the second port p, of the switch S,, to the connection

35 section PF,, and is dropped therefrom at the fourth port p, of the
second switch S,. According to the second option, referred to as

the counter-directional variant, said signal traffic is added to
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the connection section PF, in the opposite direction (interrupted
arrow) by way of the fourth port p, of the switch S,, and dropped
from i1t at the second port p, of the first switch S,. Due to the
cross mode of the switches, section PF, is disconnected, as it
were, from the total protection connection for the benefit of use
for signal traffic having a low priority. As soon as the high-
priority signal try is conducted over the protection connection
PF by switching over the protection switch PS,, however, the
protection connection must be restored as soon as possible. For
this purpose, as soon as the arrival of the high-priority signal
at the port p, of the switch 8, in node N, is detected by the
detecting means M,, the switch S, is set to the parallel mode.
The high-priority signal tr, propagates over the section PF,,

further in the direction of the second switch S, in node N,.
There, the arrival of said signal at the port p, of the second
switch S, 1s detected by the detection means M,, and the switch S,
is set to the parallel mode. After switching over the switches
S, and S, to the parallel mode, the protection connection PF is
restored, and the low-priority signal tr,, in the co-directional
variant at switch S, in node N, and in the counter-directional
variant at switch S, 1n the node N, is no longer added to the
section PF,, and the high-priority signal tr, is conducted to the
destination D. The counter-directional variant has the advantage
that the detection means M, and M,, due to a direction-selective
arrangement of the signal-tapping means C, and C,, do not require
any further measures to be capable of detecting the arrival of
the high-priority signal tr,. The counter-directional wvariant,
however, is less simple to combine with optical amplifiers. In
the co-directional variant, it is a requirement that, at any rate
in the node N,, with the detection means M, together with the
tapping means C,, a selective differentiation is possible
between states in which, at the port p,, the high-priority signal
tr, is, and is not, present. This may be achieved, e.g., by
having the high-priority and low-priority signal traffic take
place at various wavelengths, more generally at various
wavelength spectra, and, e.g., render the tapping means C, or the

detection means M, wavelength-selective for the wavelength, or

PCT/EP00/06403
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(part of) the wavelength spectrum in which the wavelength
spectrum of the high-priority signal differs from that of the
low-priority spectrum, as the case may be. In order to keep the
configuration unequivocal, the tapping means C, or the detection
means M, preferably have one and the same wavelength selectivity.
A detection mechanism which is based on wavelength selectivity is
very efficient in the event that the high-priority and/or low-
priority signals are WDM signals (see below).

In either variant - the co-directional and the counter-
directional - instead of wavelength or directional selectivity,
use maybe made of detection means which are selective for a
signal which is typical for the high-priority sigmal, and which
is not present in the low-priority signal, such as a pilot signal
having a specific modulation which may be recognised by the
detection means.

The protection connection PF may be broken down into
several sections, similar to the section PF,, for the benefit of
still more low-priority traffic, e.g., in the event that the
protection connection runs by way of still other network nodes.
In this case, the priority connection PF includes three or more
switches, similar to the switches S; and S,, having assoclated
detection means. In this connection, transit traffic is also
possible by setting interim switches in the parallel mode, as
required. Upon arrival of the high-priority signal, these need
no longer be switched over.

The application of tapping means at the first port p, of
the switches S, and S,, for the benefit of the detection of the
high-priority signal, has the drawback that, in the event of use
of the protection connection PF, the signal is weakened too much
when passing a number of switches. This may be prevented by
placing the tapping means at the fourth port p, of each switch.
This is shown in FIG. 2 for a switch S, and tapping means C,.

If for a switch the port p, is not in use for adding or
dropping the low-priority signal, in the counter-directional and
the co-directional variant, respectively, the detection means may
also be connected directly to the port p,. This is shown in FIG.

3 for a switch S, and detection means M,.
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In the exemplary embodiments described so far, both the
high-priority and the low-priority signal may be an optical WDM
signal, which signals are completely switched by the wvarious
switches. If, however, the high-priority signal is a WDM signal

comprising a number of n WDM channels, each WDM channel

corresponding to a separate wavelength A, (i=1,-,n) in the WDM
signal, basically any WDM channel may also be utilised
separately over one or more sections of the protection
connection, for signal transmission having a low priority. For
this purpose, an Optical Add/Drop Multiplexer is added,
hereinafter to be referred to as OADM, at the beginning and at
the end of each section, instead of a singular switch with
associated detection means, such as the switches S, and S, in FIG.

1. The individual WDM channels are further denoted by their

wavelength A; (i=1,-,n). FIG. 4 shows a first wvariant thereof in
a counter-directional embodiment, an OADM 40 being included in a
protection connection. The OADM comprises a bidirectional
(de)multiplexer 42 having an I/O port 44 and a bidirectional

(de)multiplexer 46 having an I/0 port 48, for splitting off and
rejoining a number of n WDM channels A,,-,A, in either signal-

transmission direction. In the WDM channels A,,-,A,, optical 2x2
switches SP,,-,SP, are included, provided with detection means
MM,,-,MM,, all this for each WDM channel in a similar way as the
switch S, or S, with associated detection means in FIG. 1. For
adding or dropping signals having a low priority @ tr, 4 at the
fourth and the second port of the switches, respectively, in the
event of undisturbed operation the switches SP,,USP, are in the

cross mode. As soon as the high-priority tr, enters the I/O port

44 of the {(de)multiplexer 42 as a WDM signal, said signal 1is

split up into signal components in the various WDM channels A, -

,A,. Subsequently, in each channel the possibly present signal
component of the high-priority signal is detected separately and,
after switching over the switch associated with the channel,
passed on to the (de)multiplexer 46, and finally rejoined,

together with signal components of the high-priority signal

passed on in other channels, to form a WDM signal of the high-

PCT/EP00/06403



10

15

20

25

30

35

CA 02379046 2002-01-10

WO 01/05083 PCT/EP00/06403

10

priority signal tr, which propagates itself further over the
protection connection by way of I/0O port 48.

In a similar way as in FIG. 4, FIG. 5 shows a second
variant for a WDM application, this time in a co-directional
embodiment. In said variant, the high-priority signal tr; is a
WDM signal which, apart from the number of n WDM channels still

comprises an additional WDM channel having a specific wavelength

A;, which has a recognition function for the high-priority signal
on the protection connection, and whose presence of the high-
priority signal on the protection connection 1is therefore
unequivocally capable of being detected. This additional WDM

channel, which hereinafter will also be referred to as signature

channel A, may already be associated with the high-priority
signal over the operational connection, but may also be added to
the signal only upon transition to the protection connection.

The high-priority signal including the signature channel 1is

denoted by tr.,(A,). FIG. 5 shows an OADM 50 included in a
protection connection at the beginning or the end of each section
of said connection which is used for low-priority traffic. The
OADM 50 comprises a demultiplexer 52 having an input port 54 and

a multiplexer 56 having an output port 58, respectively, for
splitting off and rejoining a number of n WDM channels A, -,A, and

the additional WDM channel A,. In the WDM channels A,, -,A,,
optical 2x2 switches SQ,,-,SQ, are included, all this for each WDM
channel in a similar way as the switches S; or S, in FIG. 1, this

time without the associated detection means. Detection means MM
are coupled to the additional WDM channel A,, for simultaneously

driving the switches SQ,,-,8Q, in the WDM channels A,,-,A,. For
adding or dropping signals having a low priority tr,, at the
second and the fourth port of the switches, respectively, the

switches SQ,,-,SQ, in the event of undisturbed operation are 1in

the cross mode. The recognition channel A, in this connection is

not used for low-priority traffic. As soon as the WDM signal of

the high-priority signal tr,(A,) enters the input port 54 of the

demultiplexer 52, it is split up into signal components in the

various WDM channels A,,-,A, and A,. Subsequently, the presence
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of the high-priority signal is detected with the detection of the
signal component in the recognition channel A, and the switches

SQ,,-,8Q, in the WDM channels A,,-,A, are switched over, as a
result of which the signal components are passed on to
multiplexer 56. There, the signal components in the various WDM

channels are rejoined to form a WDM signal of high priority

tr,(A.,), which may propagate via the output port 58 over a
protection connection coupled thereto.
Both the OADM 40 in FIG. 4 and the OADM 50 in FIG. 5 may be

arranged to still process signals in other WDM channels, denoted

in the figures by {A,}, which relate to operational signal
traffic having a protection path by way of another part of the
network (not shown). For this purpose, there may also be
utilized the operational connection WF of FIG. 1 itself, provided
the nodes N; and N, are equipped with fitting OADMs for that
purpose. Such a protection principle is applied, inter alia, in
annular optical transmission networks having a protection
configuration for the transmission of WDM signals. In such
networks, hereinafter to be denoted, for briefness' sake, by WDM
rings, three or more nodes are included in, and mutually
connected by, (at least) two optical connections forming two
rings, hereinafter to be referred to as a double ring, for the
transmission of WDM signals between the nodes in two transmission
directions opposite to one another. In this connection, each
node is provided with protection-switching means for switching
over from signal transmission over an operational connection in a
first or in a second transmission direction to signal
transmission over a protection connection by way of the double
ring in the second or in the first transmission direction,
respectively. In this connection, an operational connection by
way of a section of the double ring between each pair of adjacent
nodes in the double ring always has a protection connection by
way of a portion of the double ring which is complementary to
salid section, in the event that the operational connection over
sald section of the double ring ends up in an error condition.

In WDM rings having so-called optical multiplex section

protection (= OMS protection}), the entire complementary portion
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belongs to the protection connection. In WDM rings having
optical channel protection (= OCH protection) the complementary
part is not necessarily part, as a whole, of the protection
connection, all of this depending on which nodes of the double
ring have the high-priority traffic over the operational

connection as its source and its destination. In either type of

both in the co-directional and in the counter-directional
embodiment, in a way as described above.

Below, on the basis of the figures FIG. 6 to 9 inclusive, a
specific form of WDM ring is described having OMS protection, to
which the invention is applied. FIG. 6 shows such a network RN
having four nodes RN1, RN2, RN3 and RN4, which are included in a
double ring DR, comprising an outer ring Rl and an inner ring R2,
respectively, having signal traffic between the nodes in a first
transmission direction (clockwise in the figure), and having
signal traffic in a second transmission direction
(anticlockwise). As schematically shown in FIG. 7, a node 70,
such as a node RNi (with i=1,-,4) of the double ring DR,
comprises a first OADM 71 and a second OADM 72, 1ncluded in the
outer ring Rl and in the inner ring R2, respectively, for adding
and dropping (arrows A/D) of WDM channels on the double ring DR
1in either transmission direction. Furthermore, the node 70
comprises protection switches 73 and 74, included on either side
of the OADMs in the double ring DR. The protection is such that,
in the event of normal operation, the rings Rl and R2 are intact.
However, 1in the event of an error condition, in an operational
connection over a section between two adjacent nodes or in a node
itself, the protection switches, e.g., under the control of a
central operating system, or also with the help of detection
means in the optical domain, on either side of the section in
question of the double ring, or on either side of the node in
question, are switched in such a manner that the section, or the
node having the error condition, is disconnected from the double
ring. In this connection, the operational signal traffic in

question over the double ring in the one transmission direction
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in the protection switch is reversed in direction for the
disconnected part of the double ring, and conducted over the
double ring in the other transmission direction as protection
signal traffic.

Over both the inner ring and the outer ring, signal traffic
is possible of WDM signals comprising 2n+2 different WDM
channels. FIG. 8 shows a diagram of the wavelength allocation of

the various WDM channels. To the outer ring R1l, belongs a first
set {W1} of n+l WDM channels, i.e., n channels A,,-,A, and a

recognition channel A_.,, which form operational channels for
operational signal connections by way of the outer ring. To the

inner ring R2, belongs, similarly, a first set {W2} of n+l1 WDM

channels, i.e., A...,{i,A,,, and a recognition channel A, which form
operational channels for operational signal connections by way of
the inner ring. Furthermore, both the outer ring Rl and the

inner ring R2 are associated with a second set, or the set {P2}
of the WDM channels A_,,-,A,,, as the case may be, and the
recognition channel A,, and the set {Pl1} of the WDM channels A,, -

,A, and the recognition channel A_,,, which form protection
channels for protection traffic, on the outer ring R1 in the
event of an error condition of an operational connection on the
inner ring R2, and on the inner ring R2 in the event of an error
condition of an operational connection on the outer ring R1,
respectively. Over the sections of both the outer ring R1 and
the inner ring R2 between each pair of adjacent nodes, such as,

e.g., the pair RN2 and RN3, or the pair RN4 and RN1l, over the

recognition channels A_, and A_, from the first sets {Wl} and (W2},
respectively, of operational channels, permanent, so-called

next -door-neighbour connections nb are maintained, such as, e.g.,
the next-door-neighbour connections nb over the section of the
outer ring R1 between the nodes RN1 and RN2, and over the section
of the inner ring R2 between the nodes RN1 and RN4. In the event
of an undisturbed operation, the protection channels of the

second sets {P1} and {P2}, with the exception of the recognition

channels A, and A, on the outer and inner rings, may be reused

for signal traffic having a low priority, which must make way
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upon the appearance of signal traffic having a high priority,
i.e., protection traffic originating from.operational channels
corresponding to the protection channels in question of the first
sets {W1} and {W2}. For this purpose, in each OADM of each node,
the protection channels are provided with switching means and
with detection means for controlling the switching means, all of
this in a simular manner as in the OADM 50 (see FIG. 5). FIG. S
schematically shows an OADM 90, included in the outer ring Rl.
The OADM 90 includes a demultiplexer 92 having an input port 93
and a multiplexer 94 having an output port 95, between which the
channels of the first set {W1} of operational channels and of the
second set {P2} of protection channels are split up. In the
operational channels, A/D switching means are included 96 for

adding/dropping or switching through signals in each channel

separately. In the recognition channel A, of the set {Wl1} of
operational channels, an A/D switch 98 is included, which in the
figure is shown separately to indicate that it is permanently in
the cross mode for the benefit of the next-door-neighbour
connections nb in the incoming and outgoing directions. In the

protection channels, with the exception of the recognition

channel )A_.,, switching means SQ are included for adding/dropping
or switching through signals having a low priority tr, (1) in each

protection channel separately over the outer ring R1l. To the

recognition channel A, of the set {P2} of protection channels,
detection means MM are coupled for collectively controlling the

switching means SQ. When the presence of a high-priority signal
tr,(A,,) is detected on the input port 93 of the demultiplexer 92

in the recognition channel A_,, all protection channels are
switched through by the switching means SQ, in such a manner that
no low-priority signals tr, (1) can be added or dropped any
longer.

Such a WDM ring has the great advantage that, as a result
of the permanent presence of a next-door-neighbour connection

between each pair of adjacent nodes over a WDM channel having the

same wavelength, i.e., the recognition channels A, and A,, on the

outer ring and the inner ring, respectively, in the event of an
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error condition on a signal connection over any operational

channel whatsoever, the protection signal, anywhere on a
protection connection over the double ring, always comprises the

recognition channel in question and is capable of being detected

thereon in the optical area.

In the event of the exemplary embodiments described, the

colioperation of the detection means and the switching means
preferably is such that, if the high-priority signal is no longer
detected on the protection connection, the switching means are

switched back to switch modes in which low-priority traffic is

once again possible.
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Set of Amended CLAIMS

1. Method for transmitting optical signals having several
priorities via a transmission network with protection,
S comprisiné steps of:
- transmitting an optical signal carrying traffic with
a high priority, hereinafter called high priority
signal (try), via aﬁ‘operational connection (WF; R1,
R2) through the network,
10 - transmitting an optical signal carrying traffic with
a low priority, hereinafter called low priority
signal (try), via at laést a part (PFl) of a
protection connection (P¥; RZ, Rl), '
- protection switching for swifching the traffic with
15 high priority fromfbeing carriea by an optical signal
transmitted via the operational connection to being;

carried by an optical signal transmitted via the
protection connection in the event of an error
condition, and

20 - giving way the transmission of the low priority
signal via at least said part of the protection
connection in the event of said error condition under

control ¢of a detectien of an optical signal

signalling that a protecfion switching has occurred,

25 characterised in that

the transmission network .is an optical network, in which
the step of-pmotection’éwitching is carried out in such a
way that the high priority siénal (try) is switched by
optical switching .méans (PS1; '73, 74) from the
30 operational connection (WEF; Rl, RZ2) to the protection
connection (PF; R2, Rl), and
the step of giving way is carried out upon detection of a
signal characteristic of the high priority signal (tryx) on
the protection connection (PF; R2, Rl).
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2. Transmission method acéording to claim 1,

characterised in that the transmission of the low priority
signal is carried out at a first wavelength spectrum (A1, -

3 yAn), the transmission of the high priority optical

signals is carried out at a second wavelength spectrum

(Al,-,An,As), which differs from the first wavelength
épectrum, and the Optical detection is carried out on the

optical characteristic which corresponds to a difference

10 - gpectrum (As), in which the second wavelength spectrum

differs from the first one.

3. Transmission method according to claim 1,
characterised in that the transmission of the low priority
15 signal being carried out in.a,direction opposite to the
one of the transmission of the high priority signal in the
event of an error condltion of the operational connection,

and the optical detection is carried out in a direction-

'selective manner.
20

4. Transmission method according to claim 1,
characterised in that the high priority signal includes a
signal which is specific for the high priority signal, and
the optical detection 1is éarried out in a manner seléctive

25 for éaid specific signal.

3. Transmission method acéording to claim 2, 3 or 4,
characterised in that the switching is carried out by
switching means (Sl; S2; S3; S4) between a first switching
30 mode, in which the low-pricrity signal is added or
dropped, respectively to and from the protection
cbnnectibn; ahd‘a second switching mode, in which the

high-priority signal passes on over the protection

connection.
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é.,‘ Transmission method écédfding to claim 3,
characterised in that the'opﬁical detection includes
optical-power splitting by opfical-power splitting means

5 (Cl) for tapping a part of the optical power present on a
port (pl) of the switching means (S1) to which an incoming

end of the protection connection (PF) is coupled,

| 7. Transmission method according to claim 5,

10 characterised in that the.opfical detection includes
cptical-power splitting byoptical-poﬁer splitting means
(C3) for tapping a portion of the optical power present on
a port (p4) of the switching means (S3) which, in the
first switching mode, are connected through to a further

15 port (pl) ¢f the switching means to which an incoming end

of the protection connection (PF)} is coupled.

B. Transmission method éccérding to claim 5,

characterised in that the'optiéal detection is carried out
20 directly on a port (p4) of the switching means (S4),

which, in the first switching mode, 1s connected through

to a further port (pl) of the switching means to which an

incoming end of the protection connection (PF) is coupled.

25 9. Transmission method according to any of the
claims 1,-,8, characterised 1in that:
the high~ and/or low-priority signals are optical WDM

signals (Al,-,An, As; {Wli,‘;wz}, (P1}, {P2}).

30 10. Transmission method aCQ.O;T-';ding to claim 1, 2 or 3,
characterised in that: |
the high- and low-priority signals are WDM signals, with
the WDM signal of the low-prié;ity signal comprising a -

ﬁﬁmber cf WDM channels (ll,-,kﬁ)'which is at least a subset
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of the number of WDM channels (Al,=-,An; Al,-,An,As) in the
WDM signal of the highfpriorify signal,
on either side of said part (PFl) of the protection
connection, an OADM (40; 50) is included of which the
S switching means (SPl,-,SPn; 8Ql,-,SQ0n) and detection means
(MMl,-,MMn; MM) are part, |
and in that, per OADM, the optical detection is carried
out on at least one (Al,-;An: As) of the WDM channels of
the high-priority signal, and the switching is carried out
10 per WDM channel of the low-priority signal through '
switching means (SPl,-}SPn;‘SQl,-,SQn) under control of
the optical detection (MM1,-,MMn; MM), the switching means’
having a first switching mode for adding and dropping a
low priority signal and a second switching mode for

15 passing on a high priority signal.

11. Transmission method according to claim 10,
characterised in that the high-priority signal includes a
WDM channel having a wavelength (As) which i1s specific to

20 the high-priority signal, ‘and that the optical detection
is carried ocut by detection means (MM) coupled to the WDM

channel having said specific wavelength.

12. Transmission method according to claim 10,

25 characterised in that the‘optical detection is carried out

per WDM channel (Al,-,An) by means of an optical signal

detector (MM1,-,MMn) for controlling the switching means
(SP1l,~-,SPn) assoclated with the WDM channel in guestion.

30 13. Annular optical transmission network with protection,
| for the transmission of optical WDM signals, comprising:
a number of nodes (RN1,..,RN4) included in, and mutually
connected by, two optical connections forming two optical

rings, hereinafter separateiy also referred to as first

AMENDED SHEET
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ring (R1) and second ring (R2), for optical signal
transmission of WDM signals in two?mutually opposite
transmission directions between the nodes,
each node (70) comprising a first OADM (71) included

S in the first ring (R1l) and a second OADM (72) included in
the second ring (R2), and optical protection-switching
means (73, 74) included between the.two rings on'either
side of the first and second OADM’s for optical
protection-switching of WDM~signais between the two

10 optical rings,

| characterised in that

- each (R1;R2) of the two rings includes: |
+ a first set of WDM channels ({Aw};{Wl};{W2}),

called operational channels, for forming operational
15 connections over a concerned.one (Rl; R2) of the two

rings for the transmission of 0p£ical signals of

high priority, ana |

+ a second set of WDM channels ((Al,-,An); (Al,-~

AN, AS); {P2}; (Pl}), ca;ledproﬁection channe;s, for

20 | the transmission of optical signals of low priority
(try; Ttrp(l)) in normal operation, and for forming
protection connections over said concerned one (R1;
RZ2) of the two rings for high priority signalst(tru;

- trg(As2)) upon occurrence of protection-switching in

25 - the event of an error condition of an operational
connection over the other one‘(RZ; R1l) of the'fwo
rings, and | |

- .each OADM (40; 50; 90) includeg:
+ optical switching means ((SP1l,-,SPn); (SQl;-

30 ; ,SQn); SQ) for switching on and off low priority
signals (try; trp(l)) over any.of the protection
channels of a ring concerned (R1;R2), and
+ optical detection means ((MM1,-,MMn); MM) for
detecting a high priority signal on at least one

AMENDED SHEET
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protection channel ((Ai,r,ln); As; As2) of the set of

protection channels.

14. Annular optical transmission network according to
5 claim 13, characterised in that
the first set ({(Wl}: {W2)}) of WDM channels of each (R1l;

R2) of the two rings includes a recognition channel (As:;
Asl, As2), which corresponds to a recognition channel

having the same specific wavelength (As; Asl, As2)

10 . included 1n the second set ({Pl}; (P2}) of WDM channels of
the other one (R2; Rl) of the two rings, the and the

. optical detection means (MM) of each OADM have been

coupled to the recognition channel (As: Asl, As2) of the

second set of WDM channels for driving the switching means
15 (SQ1,-,35Qn; SQ) of the WDM channels of the second set, the

recognifion channel of the first set of operations
channels of one (Rl; R2) of the two rings having a
specific wavelength (As; lél; As2) for recognising the
high priority signal on the corresponding recognition

20 : channel of the second set of WDM channels of the other one
(R2; R1l) of the two rings. |

15. Annular optical transmission network according to
claim 14, characterised in that each OADM includes an

25 ~add/drop means (98) for adding and dropping tﬁe

. recognition channel (Asl) of.the first set ({Wl}) of WDM’

channels.

16. Annular optical transmission network acceording to
30 claim 15, characterised in that the detection means

include an optical-signal detector (MM1,-,MMn) per WDM
channel (Al,-,An) for controlliﬁg the switch (SPl,-,SPn)

associated with the WDM channel in question.
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