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Abst r act

Technology in the optical domain is constantly evolving, and, as a
consequence, new equi pnent providing | anbda switching capability has
been devel oped and is currently being depl oyed.

Ceneralized MPLS (GWLS) is a famly of protocols that can be used to
operate networks built froma range of technol ogies including

wavel ength (or lanbda) switching. For this purpose, GWLS defined a
wavel engt h | abel as only having significance between two nei ghbors.

d obal wavel ength semantics are not considered.

In order to facilitate interoperability in a network conposed of next
generation | anbda-swi tch-capabl e equi pnent, this docunent defines a
standard | anbda | abel format that is conpliant with the Dense

Wavel ength Division Miltiplexing (DADM and Coarse Wavel engt h
Division Miultiplexing (CADM grids defined by the Internationa

Tel econmuni cati on Uni on Tel econmuni cati on Standardi zati on Sect or

The | abel format defined in this docunent can be used in GWLS
signaling and routing protocols.

Status of This Meno
This is an Internet Standards Track docunent.

This docunent is a product of the Internet Engi neering Task Force
(IETF). It represents the consensus of the |IETF comunity. It has
recei ved public review and has been approved for publication by the
Internet Engineering Steering Group (IESG. Further information on
Internet Standards is available in Section 2 of RFC 5741.

I nformation about the current status of this docunent, any errata,

and how to provide feedback on it nay be obtained at
http://ww. rfc-editor.org/info/ rfc6205
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Copyright Notice

Copyright (c) 2011 I ETF Trust and the persons identified as the
docunent authors. Al rights reserved.

This docunent is subject to BCP 78 and the I ETF Trust’'s Lega
Provisions Relating to | ETF Docunents
(http://trustee.ietf.org/license-info) in effect on the date of
publication of this docunment. Please review these docunents
carefully, as they describe your rights and restrictions with respect
to this document. Code Conponents extracted fromthis docunment nust
include Sinplified BSD License text as described in Section 4.e of
the Trust Legal Provisions and are provided wi thout warranty as
described in the Sinplified BSD License.

Thi s docunent may contain material from|ETF Docunents or |ETF
Contributions published or made publicly avail abl e before Novenber
10, 2008. The person(s) controlling the copyright in sonme of this
material may not have granted the I ETF Trust the right to all ow

nodi fications of such material outside the | ETF Standards Process.
Wt hout obtaining an adequate |icense fromthe person(s) controlling
the copyright in such materials, this docunent may not be nodified
out side the | ETF Standards Process, and derivative works of it may
not be created outside the | ETF Standards Process, except to fornmat
it for publication as an RFC or to translate it into |anguages other
t han Engli sh.

1. Introduction
As described in [ RFC3945], GWLS extends MPLS from supporting only
Packet Switching Capable (PSC) interfaces and switching to al so
supporting four new classes of interfaces and sw tching:
0 Layer-2 Switch Capabl e (L2SC)
o Tine-Division Multiplex (TDM Capable
0 Lanbda Switch Capable (LSC
o Fiber Switch Capabl e (FSC)
A functional description of the extensions to MPLS signaling needed
to support new classes of interfaces and switching is provided in
[ RFC3471] .
Thi s docunent presents details that are specific to the use of GWLS

wi th LSC equi prent. Technol ogi es such as Reconfigurable Optica
Add/ Drop Mul tiplex (ROADM and Wavel ength Cross-Connect (WKC) operate
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at the wavelength switching level. [RFC3471] states that wavel ength
| abel s "only have significance between two nei ghbors" (Section
3.2.1.1); global wavel ength senantics are not considered. |n order
to facilitate interoperability in a network composed of LSC

equi prent, this docunent defines a standard | anbda | abel format,
which is conpliant with both the Dense Wavel ength Divi sion

Mul tiplexing (DWDM grid [G 694.1] and the Coarse Wavel ength Divi sion
Mul tiplexing (CWDM grid [ G 694. 2].

1.1. Conventions Used in This Docunent

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

2. Assuned Network Model and Rel ated Probl em St at enent

Figure 1 depicts an all-optical sw tched network consisting of

di fferent vendors’ optical network domains. Vendor A's network

consi sts of ROADM or WKC, and Vendor B s network consists of a number
of Photonic Cross-Connects (PXCs) and DWDM nul ti pl exers and

demul ti pl exers. Oherw se, both vendors’ networks night be based on
t he sane technol ogy.

In this case, the use of standardi zed wavel ength | abel infornmation is
quite significant to establish a wavel engt h-based Label Swi tched Path
(LSP). It is also an inportant constraint when cal cul ating the
Constrai ned Shortest Path First (CSPF) for use by CGeneralized Milti-
Prot ocol Label Switching (GWLS) Resource ReserVation Protocol -
Traffic Engineering (RSVP-TE) signaling [RFC3473]. The way the CSPF
is performed is outside the scope of this docunent.

Needl ess to say, an LSP nust be appropriately provisioned between a
selected pair of ports not only within Domain A but al so over
mul ti pl e domai ns sati sfying wavel ength constraints.

Figure 2 illustrates the interconnection between Donmain A and Donai n
Bin detail.

QG ani & Li St andards Track [ Page 3]



RFC 6205 CGeneralized Labels for LSC LSRs March 2011

Domai n B (or Vendor B)

Figure 1. \Wavel engt h- Based Network NMbdel
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Figure 2. Interconnecting Details between Two Domai ns

In the scenario of Figure 1
bi di recti ona
(Node-9) using GWLS RSVP-TE.
continuity constraints,

used in Donmain A and Domai n B.

signali

swi tch based on the wavel engt h | abel
wavel engt h transponder

ng.

The Pat h nmessage wil |l
and a Label _Set object,
Label _Set object shal

same as the Upstream Label object.

t he wavel ength switching operation

Not using a standardi zed | abel

bot h contai ni ng the sane val ue.
contain a single sub-channel
The Path setup wll

consider the setting up of a

LSP fromingress switch (Node-1) to egress switch
In order to satisfy wavel ength

a fixed wavel ength (lanbda 1) needs to be
A Path nessage wil |l
contain an Upstream Labe
The
that nust be the

be used for

obj ect

conti nue
downstreamto egress switch (Node-9) by configuring each | anbda

If a node has a tunable
the tuning wavel ength is considered a part of

woul d add undue burden on the operator

to enforce policy as each manufacturer may deci de on a different
representation; t

f ormat s.

Mor eove

her ef or e,
r, manual

i f domain-specific |abels are used.

G ani & Li

St andards Track

each donmain nay have its own | abe
provisioning may |l ead to nisconfiguration

[ Page 5]



RFC 6205 CGeneralized Labels for LSC LSRs March 2011

Therefore, a wavel ength | abel should be standardi zed in order to
allow interoperability between nultiple donains; otherwi se,
appropriate existing labels are identified in support of wavel ength
availability. Containing identical wavelength information, the ITUT
DWDM frequency grid specified in [G 694.1] and the CADM wavel ength
information in [ G 694.2] are used by Label Switching Routers (LSRs)
and should be foll owed for wavel ength | abel s.

3. Label -Rel ated Formats

To deal with the wi dening scope of MPLS into the optical sw tching
and tine division nultiplexing domains, several new fornms of "label"
have been defined in [RFC3471]. This section contains a definition
of a wavel ength | abel based on [G 694.1] or [G 694.2] for use by LSC
LSRs.

3.1. \Wavel ength Labels

Section 3.2.1.1 of [RFC3471] defines wavel ength | abels: "val ues used
inthis field only have significance between two neighbors, and the
receiver may need to convert the received value into a value that has
| ocal significance".

We do not need to define a new type as the information stored is
either a port |abel or a wavelength label. Only the wavel ength | abe
needs to be defi ned.

LSC equi prent uses mnultiple wavel engths controlled by a single
control channel. 1In such a case, the label indicates the wavel ength
to be used for the LSP. This docunent defines a standardized

wavel ength | abel format. For exanples of wavel ength val ues, refer to
[G694.1], which lists the frequencies fromthe | TUT DWM frequency
grid. For CADM technol ogy, refer to the wavel ength val ues defined in
[G 694. 2].

Since the ITU-T DADMgrid is based on nom nal central frequencies, we
need to indicate the appropriate table, the channel spacing in the
grid, and a value n that allows the calculation of the frequency.

That val ue can be positive or negative.

The frequency is calculated as such in [G 694.1]:

Frequency (THz) = 193.1 THz + n * channel spacing (THz)
Where "n" is a two’ s-conpl enent integer (positive, negative, or 0)
and "channel spacing" is defined to be 0.0125, 0.025, 0.05, or 0.1
THz. \When wi der channel spacing such as 0.2 THz is utilized, the
conbi nati on of narrower channel spacing and the value "n" can provide
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proper frequency with that channel spacing. Channel spacing is not
utilized to indicate the LSR capability but only to specify a
frequency in signaling.

For other cases that use the ITUT CADM grid, the spacing between
different channels is defined as 20 nm so we need to express the
wavel ength val ue in nanoneters (nm. Exanples of CWDM wavel engths in
nmare 1471, 1491, etc.

The wavel ength is cal culated as foll ows:

Wavel ength (nm = 1471 nm+ n * 20 nm

Where "n" is a two’ s-conpl enent integer (positive, negative, or 0).
The grids listed in [G 694.1] and [G 694.2] are not nunbered and
change with the changi ng frequency spaci ng as technol ogy advances, so

an index is not appropriate in this case.
3.2. DWDM Wavel engt h Label

For the case of lanbda switching of DADM the information carried in
a wavel ength | abel is:

0 1 2 3
01234567890123456789012345678901

e S i i S i i i S il ik S N o
|Gid]|] CS | I dentifier | n |
B T o S e i oL I S e e T s T S it i S

(1) Gid: 3 bits

The value for Gidis set to 1 for the ITUUT DADM grid as defined in
[G694.1].

Fom e e - Fomm e e o +
| Gid | Value |
B [ TS +
| Reserved | 0 |
[ T [ TS +
| I TU-T DWDM 1 |
Fom e e - Fomm e e o +
[ TUT CWDM 2 |
B [ TS +
| Future use| 3 - 7 |
[ T [ TS +

(2) C. S (channel spacing): 4 bits
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DWDM channel spacing is defined as foll ows.

Fommemeaa I +
|C.S. (GHz)| Value

Fom e e - Fomm e e o +
| Reserved | 0

N N +
| 100 | 1 |
N T N +
I 50 I 2 I
Fom e e - Fomm e e o +
| 25 | 3 |
N N +
| 12.5 | 4

N T N +
| Future use| 5 - 15

Fom e e - Fomm e e o +

(3) Identifier: 9 bits

The ldentifier field in | anbda | abel format is used to distinguish
different lasers (in one node) when they can transmt the sane
frequency |l anbda. The Identifier field is a per-node assigned and
scoped value. This field MAY change on a per-hop basis. |In all
cases but one, a node MAY sel ect any value, including zero (0), for
this field. Once selected, the value MJST NOT change until the LSP
is torn down, and the value MJST be used in all LSP-rel ated nessages,

e.g., in Resv nessages and | abel Record Route Object (RRO
subobj ects. The sol e special case occurs when this |abel format is
used in a label Explicit Route Ohject (ERO subobject. |In this case,

the special value of zero (0) neans that the referenced node MAY
assign any ldentifier field value, including zero (0), when
establishing the corresponding LSP. When a non-zero value is
assigned to the lIdentifier field in a | abel ERO subobject, the

ref erenced node MJST use the assigned value for the Identifier field
in the correspondi ng LSP-rel ated nessages.

(4) n: 16 bits

nis atw's-conplenent integer to take either a positive, negative
or zero value. This value is used to conpute the frequency as shown
above.

3.3. OADM Wavel engt h Labe

For the case of lanbda switching of CADM the information carried in
a wavel ength | abel is:
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0 1 2 3
01234567890123456789012345678901
i T o T e e e et o S s S R R SR
|Gid]|] CS | I dentifier | n |
B T e o i S I i i S S N iy St S I S S

The structure of the label in the case of CWDMis the sane as that of
t he DWDM case.

(1) Gid: 3 bits

The value for Gidis set to 2 for the ITWUT C\DM grid as defined in
[G 694.2].

Fommemeaa I +
| Gid | Value |
Fom e e - Fomm e e o +
| Reserved | 0 |
N N +
|1 TU-T DWDM 1 |
N T N +
[I TUT CVWDM 2 |
Fom e e - Fomm e e o +
| Future use| 3 - 7 |
N N +

(2) C S (channel spacing): 4 bits

CWDM channel spacing is defined as foll ows.

I Fommemana +
|CS (nm) | Value |
N T N +
| Reserved | 0 |
Fom e e - Fomm e e o +
| 20 | 1 |
N N +
| Future use| 2 - 15 |
N T N +

(3) Identifier: 9 bits

The ldentifier field in | anbda |abel fornat is used to distinguish
different lasers (in one node) when they can transnit the sane
frequency lanbda. The ldentifier field is a per-node assigned and
scoped value. This field MAY change on a per-hop basis. 1In all
cases but one, a node MAY sel ect any value, including zero (0), for
this field. Once selected, the value MJUST NOT change until the LSP
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is torn down, and the value MJST be used in all LSP-rel ated nessages,
e.g., in Resv nessages and | abel RRO subobjects. The sole specia
case occurs when this label format is used in a | abel ERO subobject.
In this case, the special value of zero (0) neans that the referenced
node MAY assign any ldentifier field value, including zero (0), when
establishing the corresponding LSP. When a non-zero value is
assigned to the lIdentifier field in a | abel ERO subobject, the

ref erenced node MJST use the assigned value for the Identifier field
in the correspondi ng LSP-rel ated nessages.

(4) n: 16 bits

nis atws-conplenent integer. This value is used to conpute the
wavel ength as shown above.

4. Security Considerations
Thi s docunent introduces no new security considerations to [ RFC3471]
and [ RFC3473]. For a general discussion on MPLS and GVWPLS-rel at ed
security issues, see the MPLS/ GWLS security framework [RFC5920].

5. 1 ANA Consi derations
| ANA mai ntains the "Generalized Miulti-Protocol Label Switching
(GQWPLS) Signaling Paranmeters" registry. |ANA has added three new
subregistries to track the codepoints (Gid and C.S.) wused in the
DWDM and CWDM wavel ength | abel s, which are described in the follow ng
secti ons.

5.1. Gid Subregistry

Initial entries in this subregistry are as foll ows:

Val ue Gid Ref er ence
0 Reserved [ RFC6205]

1 | TUT DWDM [ RFC6205]

2 I TUT CWDM [ RFC6205]
3-7 Unassi gned [ RFC6205]

New val ues are assigned according to Standards Action
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DWDM Channel Spaci ng

Initial

entries in this

Channel Spaci ng

Reserved
100

50

25

12.5
Unassi gned

New val ues are assigned

5. 3.

CWDM Channel Spaci ng

Initial

New val ues are assigned according to Standards Action

entries in this

Channel Spacing

Reserved
20
Unassi gned
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Appendi x A  DWDM Exanpl e

Consi dering the network displayed in Figure 1, it is possible to show
an exanple of LSP setup using the |anbda | abels.

Node 1 receives the request for establishing an LSP fromitself to
Node 9. The ITU-T grid to be used is the DWDM one, the channe
spacing is 50 Ghz, and the wavel ength to be used is 193,35 THz.

Node 1 signals the LSP via a Path nessage including a wavel ength
| abel structured as defined in Section 3.2:

1 2 3
1234567890123456789012345678901
i T o T e e e et o S s S R R SR
|Gid]|] CS | I dentifier | n |
B T e o i S I i i S S N iy St S I S S

0
0

Wher e:
Gid=1: ITUT DWDMgrid
C.S. =2 : 50 GHz channel spacing
n =5
Frequency (THz) = 193.1 THz + n * channel spacing (THz)
193.35 (THz) = 193.1 (THz) + n* 0.05 (THz)
n = (193.35-193.1)/0.05 =5
Appendi x B. CADM Exanpl e
The network displayed in Figure 1 can also be used to display an
exanpl e of signaling using the wavel ength |label in a C\DM
envi ronnent .
This time, the signaling of an LSP from Node 4 to Node 7 is
considered. Such LSP exploits the CADM I TU-T grid with a 20 nm
channel spacing and is established using a wavel ength equal to 1331

nm

Node 4 signals the LSP via a Path message including a wavel ength
| abel structured as defined in Section 3.3:
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0 1 2 3
01234567890123456789012345678901
i T o T e e e et o S s S R R SR
|Gid]|] CS | I dentifier | n |
B T e o i S I i i S S N iy St S I S S
Wher e

Gid=2: ITUT OWDMgrid

C S

1 : 20 nm channel spacing
n =-7:
Wavel ength (nm) = 1471 nm+ n * 20 nm
1331 (nm) = 1471 (nm + n * 20 nm
n = (1331-1471)/20 = -7
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