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Abstract. The problem of path validation of a pure light-path in a Dense
Wavelength Division Multiplexing (DWDM) optical network requires the
transmission of optical impairments related parameters along the provisioned
route. In this paper we propose an RSVP-TE based mechanism to collect and
evaluate optical impairments measured over optical nodes along the light-path.
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1 Introduction

With the development of dense wavelength-division multiplexing (DWDM), optical
switches have become the key device in today’s optical networks. DWDM- based
meshed networks will require novel techniques of optical protection, going well be-
yond traditional techniques based upon redundancy at the system, card, or fiber level.
It is widely acknowledged that in the next generation of optical networks (wavelength
switched optical networks), redundancy will be wavelength-based. In other words, the
optical infrastructure will be able to react to faults by switching wavelengths or fibers,
routing connections in real time through the networks of different vendors on the
optical layer. These switching capabilities will rely on a software layer implementing
routing and signaling protocols. Several mechanisms for link management aimed at
all-optical networks.

The Generalized Multi-protocol Label Switching (GMPLS), supports a number of
mechanisms for dynamically allocating resources, providing fault protection and
restoration techniques. From its beginning Generalized Multi-Protocol Label Switch-
ing (GMPLS) was intended to control wavelength switched optical networks (WSON
[1]) with the GMPLS architecture document [2] explicitly mentioning both wave-
length and waveband switching and equating wavelengths (lambdas) with GMPLS
labels. Unfortunately GMPLS protocol suite cannot be fully exploited in photonic
DWDM networks or WSON. A major problem is due to purely optical interfaces,
where there is no electro-optical conversion. Nevertheless the control of WSON via
GMPLS is currently under study, a further effect need to be taken into account also
for the actual DWDM optical networks.
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In fact, an optical signal progresses along its path it may be altered by the various
physical processes in the optical fibers and devices it encounters. When such altera-
tions result in signal degradation, we usually refer to these processes as “impairments”.
Roughly speaking, optical impairments accumulate along the path (without 3R regen-
eration) traversed by the signal. They are influenced by the type of fiber used, the types
and placement of various optical devices and the presence of other optical signals that
may share a fiber segment along the signal’s path. The degradation of the optical sig-
nals due to impairments can result in unacceptable bit error rates or even a complete
failure to demodulate and/or detect the received signal. Therefore, path selection and
validation requires consideration of optical impairments so that the signal will be
propagated from the network ingress point to the egress point with acceptable amount
of degradation. In particular for enhanced path status validation, we need mechanisms
that can collect all physical impairments (consisting of optical measurements such as
signal power, OSNR, etc.) that affect the light-path. We propose an RSVP-TE based
mechanism for collection of impairments along a light-path. The proposed technique is
also suitable for optical networks that suffer of physical dysfunction due the non-ideal
optical transmission medium and/or to critical situations (e.g., a fiber cut). In [3], an
overview of some critical optical impairments and their routing related issues can be
found. In the rest of the paper the term impairments refer to real optical measurements
or estimates computed using a prediction model. The former may require mutually
exclusive access to hardware to avoid interference, in which case the impairments
required a blocking collection type. In the later case the impairments are collected with
a non-blocking collection type. This paper addresses impairments collection for both
blocking and non-blocking type leaving the definition of the collection type to as a
section attribute. The description of impairments type and effects [4] is out of the scope
of this paper.

2 Impairments Collection

The line path validation mechanism needs to be aware of all physical impairments
(consisting of optical measurements such as signal power, OSNR, Optical Channel
Monitor, etc.) that affect the light-path. Consequently this draft proposes control plane
based mechanism for impairments collection. How impairments are collected (from
data plane) is beyond the scope of this document.

2.1 Optical Path Validation

Our approach is in full agreement with information model [5] for path validation and in
particular we refer to [1] for architectural options in which impairment validation for
an optical path is defined. The validation of an optical path is assessed by collecting the
physical impairments along an LSP and evaluating them. In this draft we make use of
the LSP ATTRIBUTES to perform the impairments collection hop by hop along the
optical path. It is important to note that collection of impairments in a blocking way
requires a mutually exclusive access to the resource. Therefore the entire LSP needs to
be “locked” until the collection for the impairments is completed. This implies that if
another impairments collection process tries to retrieve impairments on the same
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node-resource already under “Administrative Impairments Locking” status, needs to be
aborted. The draft uses the RSVP Admin status object to realize “LSP Administrative
Impairments locking” to make sure that all nodes are ready to collect the impairments
in a blocking way. Our RSVP based impairments collection protocol made the optical
path validation described in [5] available. More in details the G.680 gives techniques
and formulas for use in calculating the impact of a cascade of network elements. These
formulations is at the base of our path validation. In the following we first define Opti-
cal Impairments collection classification, and the extensions to LSP ATTRIBUTE and
RSVP Admin status objects needed to perform the aforementioned functionalities.
Section 2.7 details the signaling mechanism with examples to illustrate how proposed
extensions are used for impairments collection.

2.2 Optical Impairments Collection Classification and LSP Locking

Physical impairments that have effect on the light-path can be collected in two ways:

— Blocking impairments collection. In general in the case of blocking collec-
tion, the impairment collection may require a mutually exclusive access to
hardware resources while performing the measurement.

— Non blocking impairments collection. A collection of physical value that can
be probed in parallel at different nodes.

Consequently, every optical node can be in three states w.r.t. to a certain reserved
resource: unlock, lock-requested or lock. In fact blocking collection of impairment
requires the resource to be in lock state. In general this is due to the hardware limita-
tion of optical nodes. In case of blocking collection of impairments the LSP status
needs to be set to “"Locked”. For this purpose, we extend the Admin object [6], [7]
with B bit (Blocked request bit) and C bit (block Confirm bit). Specifically, Adminis-
trative status object is extended with the following two bits for locking purpose.
Following we brief explain the ADMIN status header (Figure 1) together with the
aforementioned extension:

—  Reflect (R): 1 bit. When set, indicates that the edge node should reflect the
object/TLV back in the appropriate message. This bit must not be set in state
change request, i.e., Notify, messages.

—  Reserved: 25 bits. This field is reserved. It must be set to zero on transmis-
sion and must be ignored on receipt. These bits should be passed through
unmodified by transit nodes.

— Testing (T): 1 bit. When set, indicates that the local actions related to the
“testing” mode should be taken.

—  Administratively down (A): 1 bit. When set, indicates that the local actions
related to the “administratively down” state should be taken.

—  Deletion in progress (D): 1 bit. When set, indicates that that the local actions
related to LSP teardown should be taken. Edge nodes may use this flag to
control connection teardown.

— Blocking node (B): 1 bit. When set, indicates that locking procedure is
ongoing.

—  Confirm blocking (C): 1 bit. When set, indicates that the locking procedure is
successfully ongoing.
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D123456?|39101112131415161?1819202122232425232?23293031
Length Class-Num (196) C-Type (1)
Reserved
R C(B|T|A|D

Fig. 1. The administrative Status object

During LSP locking for collection of impairments, the R bit (Reflect bit) must be set.
Furthermore, if the node along the path understands B and C bits, the node must return
the Admin object in the Resv Message for locking confirmation or unlocking. Since we
need to block an entire LSP, any node unable to measure the required impairments
must set a lock failure (unset the C bit in the Path Admin Object). The general locking
procedure is defined as follows:

—  Every transit node that receives the Admin status object in the Path message
with B, C and R bit set needs to check if the actual status is unlock.

— In the case of unlock status, the node switches to lock-required state related
to the required impairments.

— In the case of lock or lock-required states, the node forwards the Admin
object message without the C bit set. This implies a lock failure.

—  The Resv message performs the locking for the entire LSP in case of C and B
bit set and unlocking in case of unset C bit.

— Every transit node that receives the Resv message with B and C bit set
changes its status to lock.

This strategy prevents race conditions.

2.3 Optical Impairments Collection

Path validation is based on holistic analysis of the impairments collected along the
path of an LSP. To signal which impairments needs to be collected we extend the LSP
Attribute TLV sub-object. The impairments collection is performed as follows:

1. Source node sends a Path message with LSP Attribute object aimed to
inform the transit nodes about the imminent impairments collection. The
Path message also contains TLV sub-objects with required impairments.

2. Every transit node, when receives the message with LSP Attribute object,
assembles the collected impairments (specified in TLV) inside a sub-TLV.
The way an optical node gets knowledge of the impairments using informa-
tion locally available at the node (e.g. via discovery of internal amplifiers,
photodiode etc.) is out of the scope of this document.

3. Impairments collection will be executed by the returning Resv message that
collects hop-by-hop impairments objects by inserting the sub-TLV inside the
attached TLV. After successful forwarding of the Resv message the status of
transit nodes must be switched to unlock for preventing deadlock.
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In case of blocking collection of impairments the LSP lock must be obtained before
impairments collection. In case of non-blocking collection type, the unavailability of
certain impairments in an intermediate node must not cause the request of failure. The
holistic impairments evaluation should be able to deal with missing impairments.
When a transit node not in locked state receives a request for blocking collection type,
an impairments collection failure (PathErr) should be sent to the Ingress node.

2.4 Impairments TLV: Collection and Recording

The proposed encoding scheme for optical impairments measurements defines a TLV
associated to a particular impairments type. A TLV sub-object is encoded in an LSP
REQUIRED ATTRIBUTES Object [8]. The TLV sub-object encoding for impair-
ments Collection is shown in Figure 2

o 1 2 3 4 5 6 7|B 9 10 11 12 13 14 15|16 17 18 12 20 21 22 23|24 25 26 27 28 29 30 31

Type Length

E-Type Reserved

Fig. 2. TLV sub-object

The TLV header includes:

—  Type: Collected impairments type (TBA). This can be blocking or non block-
ing type.

—  Length: length of the TLV object in bytes without the 4 byte header.

—  E-type (Impairments Type, 8 bits): Impairments identifier encoded as per
[WD6-23]. E.g., 0 for Signal power, 1 for OSNR, 2 for Pilot Tone (as blocking
impairments).

This TLV defines which types of impairments (signal power, OSNR, Pilot Tone, alarm
etc.) need to be collected and is carried by the Path message. A set of impairments is
collected through the Resv message to allow the evaluation at the ingress node. Each
item of optical impairments is collected separately. Every transit node, in the Path
message, finds the impairments Collection Requested TLV and replies the impairments
value in Resv using impairments recording TLV (encoded in an LSP ATTRIBUTES
Object). The impairments value can be measured or estimated. Furthermore it sets the
Measure Method inside this TLV according to the kind of measured media (single
lambda measurement or aggregate measurement). This impairments collection im-
proves the feasibility evaluation where network elements support at least a subset of
impairments. The following TLV encodes the impairments values of the LSP associ-
ated to the impairments type defined in the impairments Collection Request TLV.
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Type

Length

WavelengthlD

IPv4/IPv6 Address/Unnumbered

Impairments Value

Fig. 3. Impairments recording TLV

The impairments recording TLV includes:

—  Type: Impairments type(TBA).
—  Length: length of the TLV value in bytes.

—  WavelengthID: encoded as per [9]. This field identifies the wavelength. If it

is measured/estimated aggregate impairments, this field is set to 0.
—  IPv4/IPv6 Address: The address of the Node that measures the impairments.
—  Impairments Value: Estimated or measured impairments value according to

[9]. E.g., the Signal Optical Power as 32-bit IEEE 754 floating point number.

3 Signaling Procedure for Impairments Collection Using
RSVP-TE

In this section we describe signaling procedures for path validation with impairments
collection using examples. Consider a GMPLS LSP that has OXCl1 as Ingress Node,
OXC4 as Egress node with OXC2 and OXC3 in transit, as shown in Figure 4.

OXC1

OXC2

OXC3

OXC4

Fig. 4. Optical network scenario

In the following we consider three scenarios of impairments collection and describe
signaling procedures associated with the impairments collection and how above men-
tioned extensions to LSP Attribute and Admin status objects are used for this purpose.
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Non-blocking Collection of Impairments
The validation of an optical path is done after LSP is signalled. In case of non-
blocking collection, the impairments collection follows the following procedure:

1.

OXC1 node sends a Path message with Impairments Collection Request
TLV aimed to inform the transit nodes about the imminent impairments
collection and about the type of impairments that needs to be collected (e.g.,
Signal power).

Every transit node (OXC2,0XC3), when receives the Path message with Im-
pairments Collection Request TLV, starts the internal impairments reading
procedure and waits for the correspondent Resv message to forward the
related Impairments recording TLV in the upstream flow to the ingress node
OXCI1. If for some reason the impairment is not available, since it is non
blocking impairment, the node simply does not include the impairments
measure in its own Impairments recording TLV. The holistic analysis can be
performed also with a subset of the non blocking impairments.

Egress node OXC4 sends Resv message with Impairments Collection Re-
quest TLV containing optical impairments TLV upstream to the ingress node
OXCl1 and puts its own impairments value in this Impairments recording
TLV.

Every transit node (OXC3,0XC2) inserts its own Impairments recording
TLV inside Resv message in such way that ingress node collects all required
impairments hop by hop.

OXCI1 node when receives the Resv message extract the impairments
recording TLV to perform holistic path validation.

Summarizing the Impairments Collection will be executed by the returning Resv
message that collects hop-by-hop impairments objects upstream.

Blocking Collection of Impairments with All Nodes Ready for Impairments
Collection

In this scenario the locking strategy needs to be performed first to ensure that no node
in the LSP is already locked in another blocking collection. I.e., we need to be sure
that all nodes along the path are ready to collect the impairments. This phase uses
Admin status object in the Path and Resv message, as follows:

1.

OXC1 switches to “lock-required” state and sends a Path message with
Admin status object with B, C and R bit set. B bit is used to signal locking is
required. C bit is used for locking confirmation. Recall it needs to be set if
lock is granted, and needs to be unset otherwise.

Every transit node (OXC2, OXC3) that receives the Admin status object in
the Path message with B, C and R bit set switches to ”lock-required” state re-
lated to the required impairments.

Egress node OXC4 switches to lock state and forwards the Admin status ob-
ject in the Resv message, resetting the R bit.

Every transit node (OXC3,0XC2) that receives the Resv message with B and
C bit set changes its state to "locked”.

Ingress node OXC1 when receives the Resv message with Admin status ob-
ject with B and C bit set switches to “locked” state.
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At the end of this procedure the entire LSP is in “locked” state and is ready for im-
pairments collection. At this stage the Impairments Collection can be performed as
described earlier. The locking is performed before impairments collection to maintain
a better compatibility with the future available impairments kind that would require
further action to be taken before starting the collection.

Blocking Collection of Impairments with Some Node(s) Blocked for Impairments
Collection

In this scenario the locking procedure fails since some node (OXC3 in this example)
is in “locked” or “lock-required” state over another LSP.

1. OXCI1 switches to lock-required state and sends a Path message with Admin
status object with B, C and R bit set. B bit is used to signal locking is re-
quired. C bit is used for locking confirmation. Recall it needs to be set if lock
is granted, and needs to be unset otherwise.

2. OXC2 receives the Admin status object in the Path message with B, C
and R bit set and switches to “lock-required” state related to the required
impairments.

3. OXC3 node receives the Admin status object and, since it is already in lock
or lock-required state for another LSP with the same resources, unsets the C
bit. Therefore the locking procedure will fail.

4. Egress node OXC4, since the received Admin object does not have the C bit
set, switches to unlock state and forwards the received Admin status object
in the Resv message resetting the R bit.

5.  When the other transit nodes (OXC3, OXC2) receive the Admin object in the
Resv message with B bit set but with C bit unset, they switch to unlock state.

6. When the ingress node OXCI1 receives the Resv message with Admin object
containing B bit set and C bit unset switches to unlock.

At this stage the Locking mechanism fails since the ingress node has not received the
confirmation of successful locking (C bit set).

4 Conclusion

In this paper we propose a possible solution to the problem of path validation in a pure
light-path in a Dense Wavelength Division Multiplexing (DWDM) optical network via
transmission of optical impairments. In particular we propose an RSVP-TE based
mechanism to collect and evaluate optical impairments measured over optical nodes
along the light-path. The proposed light weight mechanism can be easily integrated in
the current RSVP-TE protocol making the reservation protocol impairments-aware.
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