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Abst r act
The problem of provisioning a lightpath in a transparent dense
wavel ength division multiplexing (DADM optical island requires the
eval uation of of the optical inpairments along the selected route.
In this draft we propose a GWLS signaling protocol (RSVP/ RSVP-TE)
extension to collect and provide the egress node the optical

i mpai rment paraneters needed to validate a |lightpath setup request
feasibility.
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1. Introduction

The current Generalized Milti-Protocol Label Switching (GWLS)

speci fication [ RFC3945] and the signaling related documents

([ RFC3471], [RFC3473], [RFC4328]) support optical interfaces with
different switching capability to setup a lightpath while [ RFC4054]
defines the inpairments to be considered in optical routing.

[1-D. bernstein-ccanp-wavel engt h-swi t ched], defines a framework

i dentifying the key conmponents and issues pertaining to wavel ength
swi tched optical networks (WSON).
[1-D.otani-ccanp-gnpl s-| anbda- 1| abel s] proposes a gl obal semantic for
wavel ength generalized | abels taking into account |ightpath specific
needs.

In transparent optical networks, physical inpairnments incurred by
non-i deal optical transm ssion nedi um accunul ate al ong an optica
path. Because of these inpairnments even if there is physica
connectivity (fibers, wavel engths, and nodes) between the ingress and
egress nodes, there is no guarantee that the optical signal (light)
reaches the Egress node with acceptable signal quality, for exanple
interms of BERFOSNR/ Q factor limt. For a successful |ightpath
provisioning in a WBON, the set up process nmust be aware of a set of
physi cal inpairnents that has effect on the lightpath. A conplete
set of physical inpairnents will include |inear and non-Iinear

i mpairnments. This prelimnary draft proposes a way to collect the
optical path linear inpairments in the signaling phase by providing
suitabl e extensions to signaling protocol (RSVP/ RSVP-TE) assum ng
that non-linear inmpairments effects are handled in the network design
phase consi dering a bounded OSNR mar gi n [ RFC4054] .

The managenent of physical inpairnments is done only in the signaling
process and it does not require any extension to the traffic
engi neeri ng database and | GP routing protocols.

The set of parameters carried by the signaling protocol is divided
into optical service paraneters and optical path paraneters:

o The optical service paraneters describe the requested signal type,
are related to the characteristics of the transponder at ingress
node and hence are not changed at transit nodes.

o The optical path paranmeters describe the signal characteristics
evolution along the path fromingress node to egress node, are
related to the characteristics of the various |inks/subsystens and
are updated at each transit node. They are divided i nto mandatory
and optional paraneters. The mandatory paraneters are related to
feasibility constraints such as power and OSNR, whereas the
optional paranmeters are expandable linear inpairnments such as
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2.

chromatic di spersion (CD), polarization node dispersion (PM),
crosstal k, etc. The optional paranmeters can be used to eval uate
the feasibility of a lightpath nore accurately as an alternate
solution to the bounded OSNR margi n eval uati on. Paraneter update
nmet hods mi ght use appropriate physical nodels and are out of scope
of this docunment.

Conventions Used in This Docunent

The key words "MJST", "MJST NOT", "REQU RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOWMENDED', "MAY", and "OPTIONAL" in this
docunent are to be interpreted as described in RFC 2119 [ RFC2119].

In additions this docunment will use term nology from [ RFC2205],
[ RFC3209], [RFC4054], and [I-D. bernstein-ccanp-wavel engt h-swi t ched].

Optical Path Validation Procedure

The signaling based validation of an optical path in downstream
direction in a transparent network (lanbda switched LSP) is
i mpl enented by the foll ow ng procedure:

o The ingress node signals in the Path nmessage the supported signa
types (FEC and nodul ati on fornmat) and wavel ength set (encoded in
the LABEL_SET Obj ect) dependi ng on avail abl e | ocal transponders.

o Transit nodes update the Path nessage pruning non cross-
connect abl e wavel engt hs (LABEL_SET Cbj ect) and conputing or
neasuring the path optical characteristics up to the outgoing
interface (optical inpairnents).

0 The egress node selects the wavel ength and the signal type based
on the signal ed optical inpairnents and the available | oca
transponders (supported wavel engths, sensitivity to optica
i mpai rments) and signals the selection in the Resv nessage.

o Transit nodes process the Resv nmessage cross-connecting the
sel ected wavel ength in incom ng and outgoing interfaces
(wavel ength continuity constraint).

o The ingress node cross-connects the selected wavel ength to a | oca
transponder supporting the selected signal type (FEC and
nodul ation format).

This procedure forces the neeting of the wavel ength continuity
constraint: the final effect of pruning wavel engths (e.g. renoving
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| abel s fromthe LABEL SET object) in transit nodes is the

i mpl ement ati on of a wavel ength sel ection process in the signaling
phase. The wavel ength assignment will be done at the egress node
among all avail abl e wavel ength for the LSP. The criteria used by the
egress node to assign the wavelength is out of the scope of this
docunent .

In the Path nmessage processing, the unavailability of cross-
connect abl e wavel ength in transit nodes or of transponders supporting
the signal in the egress node causes the request failure (PathErr
nmessage) .

In the Resv nessage processing, the unavailability of the sel ected
wavel ength in transit nodes or of transponders supporting the signa
in the ingress node (race condition in allocating resources) causes
the request failure (ResvErr nessage).

In this docunent, only the encoding in the RSVP nessages of the
optical information needed to support the described procedure is
defined. The specific policies used to select the resources

(wavel ength and transponders), the nodels to conpute the optica

i mpairments and the procedure to validate the signal with respect to
the transponder sensitivity are not in the scope of this document.

4. Physical Paraneter Cassification and top |evel TLV

RSVP/ RSVP- TE requires the foll owi ng additional information in order
to be aware of optical inpairnents and setup optically feasible
I i ght pat hs:

o Optical Service Paraneters.
The standard GENERALI ZED LABEL_REQUEST and TSPEC/ FLOW SPEC obj ects
support the encoding of the information related to service type
and service Q@S. However for DWM networks the egress node of an
LSP has to know a certain set of specific optical paraneters
related to the transmitting interface. Section 5 reports details
of these paraneters and their encoding.

o Optical Path Paraneters.
These attributes are required to support transm ssion of physica
i mpai rment paraneters for the optical path feasibility evaluation
Details are presented in Section 6.

Thi s docunent defines how to encode the above information through new
TLVs according to [ RFC4420].

The proposed encodi ng schene for the optical paranmeters defines a TLV
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(channel optical physical information) associated to a wavel ength
contai ning a sub-TLV for each service and path paraneter.

Addi ti onal set of parameters can be added without affecting the
al ready defined encodi ng.

A TLV sub-object for each avail abl e wavel ength (Path nessage) or
sel ected wavel ength (Resv nessage) is encoded in an
LSP_REQUI RED ATTRI BUTES (bj ect .

The TLV sub-object encoding is defined in the next picture.
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I
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Figure 1

o Type: optical channel physical paraneters info TLV type (TBA).

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

o Wavelength ID. wavel ength | abel identifier according to
[1-D.otani-ccanmp-gnpl s-1anbda-1| abel s].

o Paraneters Sub-TLV Sequence: service and path paraneters val ues.
The TLVs wavel ength I D val ue nust be consistent with the presence of
LABEL_SET objects and its actions as defined within [ RFC3471] and

[ RFC3473] .

The Sub-TLV format is defined in the next picture
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Figure 2
Type: Sub-TLV type
Fl ags: bit-mask defining the managenment of the Sub-TLV

bit 0: if set the paraneter is nandatory, otherwise it is
opti onal

bit 1. if set the paraneter is variable and MJIST be updated
with the | ocal value, otherwise it is a constant val ue set by
the ingress node.
bit 2-7: not used.

Length: Value field length in bytes

Val ue: variable | ength Sub-TLV content

The Flags field defines how transit nodes manage the Sub-TLV:

o Constant sub-TLVs are forwarded as-is.

o Mandatory non constant sub-TLVs MUST be updated with the | oca
paraneter value, if the paraneter is not nanaged by the node, it
MUST reject the request with a failure.

o Optional non constant sub-TLVs MJST be updated with the |oca
paraneter value, if the paraneter is not nanaged by the node, it
MJUST silently drop it fromthe TLV (the val ue woul d be
i naccurate).

5. Optical Service Paraneters sub-TLV
The Optical Service Paraneters define the signal transm ssions

characteristics at the ingress node. This type of information is
required at the egress node to verify the optical signa

Martinelli & Zanardi Expi res August 25, 2008 [ Page 7]



I nternet-Draft Optical | npairment Signaling February 2008

conpatibility.
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Figure 3
Type: sub-TLV type (=1)
Fl ags: Mandatory, Constant
Length: length of the sub-TLV value in bytes
FEC. supported Forward Error Correction Mddes (see Section 5.1

Mod Format: supported nodul ati on formats (see Section 5. 2)
associated with the FEC

This sub-TLV is used in the PATH nessage to signal the full list of
optical paraneters associated with the interface (signal types and
wavel engt hs) avail able at the ingress node. A DWM interface m ght
have several sets of optical paraneters available, for exanple a
tunabl e interface has a set of possible wavel engths, together with a

set of possible FEC encoding or nodul ation formats. In the RESV
nmessage this information is associated to the sel ected receiving
interface at the egress node. In the RESV nessage only one tuple

(FEC, Mod Format) will be specified.
5.1. Forward Error Correction (FEC

FEC (16 bits) field is the Forward Error Correction and has the
fol | owi ng val ues:

0: no FEC

1: standard FEC (according to [ITU. Gr09])
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2-9: super-FEC according to sub clauses froml.2 to I.9 of
[1TU. G75. 1]

Val ues with the format 1bbbbbbbbbbbbbbb are left to represent vendor
specific or proprietary FEC encodi ng.

5.2. Mbdul ation For mat
Mod Format (16 bits) is the nodul ation and has the foll ow ng val ues:
0: NRZ
1: Duo Binary
2: DPSK

O her values mght be defined in the future as technol ogy advance.
Val ues with the format 1bbbbbbbbbbbbbbb are left to represent vendor
specific or proprietary nodul ation formats.

6. Optical Path Paraneters sub-TLV(S)

This set of paraneters is carried in the PATH nessage for each
avai | abl e wavel ength to allow the optical feasibility evaluation. At
each hop, the optical node MJST update these val ues according to
information locally avail able at the node (say internal anplifiers,
wavel ength cross connect, etc.).

The way an optical node gets know edge of this required information
(e.g. through NVS, auto-discovery etc.) is out of the scope of this
docunent and hi ghly depends on specific equi prment inplenmentation

Thi s docunent defines two groups of linear optical paraneters.

Mandat ory Linear Optical Paraneters
This set includes Optical Signal Power and the OSNR with
associ ated variances. It represents the mninmum set to asses the
feasibility of an optical path. This set will be encoded using
mandat ory sub- TLVs.

Optional Linear Optical Paraneters
This set includes CD, PMD, XT with associ ated variances. These
paraneters represent an additional set to allow a nore accurate
optical feasibility evaluation. This set will be encoded using
optional sub-TLVs.

Separ ati on between mandatory and optional paraneters allows a rough
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6.

6.

1

2.

optical feasibility evaluation where network el ements support at

| east the nmandatory set. Depending on how a WSON i s designed, the
usage of the nandatory set could be an operational choice not to
overwhel mthe control plane while maintaining reliable feasibility
estimation. Moreover it m ght happens that not all nodes in a

net wor ks support the full set of optical path paranmeters. Wth this
classification, the lightpath signaling still continues to work
although with a |l ess accurate eval uation

The choice of the optional set of paraneters depends on severa
consi derations. They are anpong those reported by the [ RFC4054] and
provide sufficient accuracy for the |inear inpairnents eval uation

Optical Paraneter sub-TLV overvi ew
Each optical parameter will be encoded using the follow ng fornat:

0 1 2 3
01234567890123456789012345678901
R Rt i i i i e T I I S S S R i e S R e e i s o

| Type | Fl ags | Length
B s i S i I i S S S i i
| Optical Paraneter Val ue
s S S o T i i S S i (i
| Optical Paraneter Variance
R Rt i i i i e T I I S S S R i e S R e e i s o
Figure 4
Type: sub_TLV type > 1.
Fl ags: mandatory or optional according to each paraneter
classification, variable.
Length: 4 octets or 8 octets depending if the optical paraneter
has the variance val ue associ at ed.
Val ue associated with the optical paraneter.
Variance: the error estimation for optical paraneter val ue
cal cul ati on. Depending on the | ength value may not be present.
Mandat ory Li near Optical Parameters sub-TLVs

The Sub-TLVs encode the followi ng optical parameters of a channe
(wavel ength) measured at the node egress interface. Flags are:
mandat ory, vari abl e.
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6.2.1. Optical Power

Type = 2.

Val ue: 32bit | EEE floating point nunmber. Measurenent Unit: dBm
6.2.2. Optical Signal to Noise Ratio

Type = 3.

Val ue: 32bit | EEE floating point nunmber. Measurenent Unit: dB
6.3. Optional Linear Optical Paranmeters sub-TLVs

The Sub-TLVs encode the followi ng optical parameters of a channe

(wavel engt h) measured at the node egress interface. Flags are:

optional, variable.
6.3.1. Chronmatic Dispersion (CD)

Type = 4.

Val ue: 32bit | EEE floating point nunber. Measurenment Unit: ps/nm
6.3.2. Polarization Mdde Di spersion (PNMD)

Type = 5.

Val ue: 32bit | EEE floating point nunber. Measurenent Unit: ps.
6.3.3. Cross-Talk (XT)

Type = 6.

Val ue: 32bit | EEE floating point nunmber. Measurenent Unit: dB

7. Message Fragnentation

In certain cases, the state information carried by the Path nessage
can be quite large. Size estimation for a physical Optical Channe
TLV (see Figure 1) can be the following: 8 bytes for type, |ength and
wavel ength 1D plus, 16 bytes for the Optical Service Paraneters sub-
TLV considering 3 FEC/ nodul ation format conbi nations plus, 24 bytes
for the Mandatory Linear Optical Path paraneters plus 36 bytes for
the Optional Linear Optical Paraneter sub-TLV. Total is 48 bytes for
each wavel ength by just considering mandatory sub-TLVs and 84 bytes
by considering also the optional part. G ven the nunber of
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wavel engt hs today avail able in DWM networks, the size of the path
nmessage end up in large values. For exanple to signal just 32
wavel engt hs the size required for the physical optical paraneters
ranges at |east from 1536 to 2688 bytes.

A possible optionis to et the application |ayer requesting the
lightpath setup to deci de how many wavel engths to signal according to
the MIU avail able. For exanple, having an MIU of 1500 bytes the
application |ayer mght signal only 10 wavel engths with the full set
of paraneters taking up 840 bytes, or it m ght decide to signal 20
wavel engths with just the nandatory parameters. Note that, according
to procedure described within Section 3, the nessage size nmay
decrease as long as the Path nessage pass through transit nodes.

A second sol ution proposed here inplenents the semantic fragnentation
as suggested by RSVP [ RFC2205]. The proposed encodi ng extends the
SENDER _TEMPLATE (bject with a new C ass Type (derived fromthe
LSP_TUNNEL_I Pv4 and LSP_TUNNEL_I Pv6 RSVP-TE [ RFC3209]). The nject

i ncludes the additional information on the "fragnment id" and on the
requested policy for the channel selection at the egress node

Cl ass = SENDER _TEMPLATE, FRAGREQ LSP_TUNNEL | Pv4 C Type = TBA
0 1 2 3
01234567890123456789012345678901
s S S i I S R R e h T Tk e S S S o T S
| | Pv4 tunnel sender address
B i aT T ST S O S it T ol STEE S U SR U S e O S S N S S
| Reser ved | LSP ID
B T s i I S e i S i i S S e S
| Total No | Msgld | P | Tineout |
s S S i I S R R e h T Tk e S S S o T S

Figure 5
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TBA

O ass = SENDER TEMPLATE, FRAGREQ LSP_TUNNEL_I Pv6 C Type
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(16 bytes)
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i T o e e s S e e o S e
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+— +— +— +— +— +— + OO

Figure 6

Besides the fields already defined in the SENDER TEMPLATE, the
followi ng fields are defined:

o] Total No: 8 bit integer representing the total nunber of Path
nessages issued by the ingress node to setup a single |ightpath.
When this values is equals to 1 all the other fields MJST be
i gnor ed.

o] Msgld: 8 bit integer representing the sequential nunber of a
single Path request. Its value nust be between 1 and Tot al No,
bot h i ncl usi ve.

o] P: Policy the egress node nust apply upon receiving a fragmented
pat h request:

1: Take the first nessage arrived and ignore the
fol |l owi ng ones.

2: After the first message arrives, wait for any nessage
within the specified Timeout.

3: After the first nmessage arrives, waits for al
nessages. Fail, if the tineout expires, and there’'s at
| east one nessage ni ssing

The egress node should "reject” (PathErr) all the requests except

for the selected one, even if it could rely on the RSVP ti neout
to clear the unsel ected requests status in upstream nodes.
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11.

o] Timeout: 12 bits integer nunber representing the tinmeout val ue
used by the policy. The value is in s/100 (hundreds of seconds)
Al'l nmessages MUST have the sane val ue.

This type of encoding is a generic solution to manage the semantic
fragnentation and its not strictly related to optical paraneters
encodi ng.

Backward Compatibility

The TLV usage as defined by [ RFC4420] wi |l guarantee the co-existence
of nodes supporting nornmal RSVP-TE operations and node with optica
i mpai rment signaling capability.

A service with the new feature (optical feasibility evaluation) can
be setup only if all the nodes in the path support the extensions.
Optical Path Paraneters are updated hop-by-hop and eval uated at
egress node. |If a transit node does not support the extensions the
collected infornmation is unreliable and the Path request MJST be
rej ected.

Error managenent
No additional error code is introduced to nmanage requests failures;

the behavi or defined in [ RFC4420] applies to the managenent of the
LSP_REQUI RED ATTRI BUTES Obj ect.
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for a guide). |If the draft does not require | ANA to do anything, the
section contains an explicit statement that this is the case (as
above). If there are no requirements for | ANA the section will be

renoved during conversion into an RFC by the RFC Editor.

Security Considerations

Thi s docunent introduces no new security considerations to [ RFC3473].
GWPLS security is described in section 11 of [RFC3471] and refers to
[ RFC3209] for RSVP-TE
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