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Abstract

GWPLS supports the description of optical switching by identifying
entries in fixed lists of switchable wavel engths (called grids)

t hrough the encoding of |anbda |abels. Wrk within the ITU T Study
G oup 15 has defined a finer granularity grid, and the facility to
flexibly select different widths of spectrumfromthe grid. This
docunent defines a new GWLS | anbda | abel format to support this
flexi-grid.

Thi s docunent updates RFC 3471 and RFC 6205 by introduci ng a new
| abel fornat.

Status of this Meno

This Internet-Draft is submtted to |ETF in full conformance with the
provi sions of BCP 78 and BCP 79.

Internet-Drafts are working docunments of the Internet Engineering
Task Force (IETF), its areas, and its working groups. Note that other
groups nmay al so distribute worki ng docunents as Internet-Drafts.

Internet-Drafts are draft documents valid for a maxi num of six nonths
and may be updated, replaced, or obsol eted by other docunents at any
time. It is inappropriate to use Internet-Drafts as reference
material or to cite themother than as "work in progress."

The list of current Internet-Drafts can be accessed at
http://ww. ietf.org/ietf/1id-abstracts.txt

The list of Internet-Draft Shadow Directories can be accessed at
http://ww.ietf.org/shadow. htmn
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1. Introduction

As described in [ RFC3945], GWLS extends MPLS from supporting only
Packet Switching Capable (PSC) interfaces and switching, to also
support four new classes of interfaces and sw tching that include
Lanbda Switch Capabl e (LSC).

A functional description of the extensions to MPLS signaling needed
to support this new class of interface and switching is provided in
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[ RFC3471] .

Section 3.2.1.1 of [RFC3471] states that wavel ength | abels "only have
significance between two nei ghbors": gl obal wavel ength semantics are
not considered. |[RFC6205] defines a standard | anbda | abel fornat
that has a gl obal semantic and which is conpliant with both the Dense
Wavel ength Division Multiplexing (DADM grid [G 694.1] and the Coarse
Wavel ength Division Miltiplexing (CWDM grid [G 694.2]. The terns
DWDM and CWDM are defined in [G 671].

A flexible grid network selects its data channels as arbitrarily
assi gned pi eces of the spectrum M xed bitrate transm ssion systens
can allocate their channels with different spectral bandw dths so
that the channels can be optim zed for the bandw dth requirenents of
the particular bit rate and nodul ati on scheme of the individua
channels. This technique is regarded as a pronising way to inprove
the network utilization efficiency and fundanentally reduce the cost
of the core network

The "flexi-grid" has been devel oped within the ITUT Study G oup 15
to allow selection and switching of pieces of the optical spectrum
chosen flexibly froma fine granularity grid of wavel engths with
vari abl e spectral bandwidth [G 694.1]. This docunment updates the
definition of GWLS | anbda | abel s provided in [ RFC6205] to support
the flexi-grid.

This docunment relies on [G694.1] for the definition of the optica
data pl ane and does not nake any updates to the work of the ITU-T in
that regard

1.1. Conventions Used in This Docunent

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

2. Overviewof Flexi-Gid

[G694.1] defines DWDM fixed grids. The |atest version of that
docunent extends the DWDM fixed grids to add support for flexible
grids. The basis of the work is to allow a data channel to be forned
froman abstract grid anchored at 193.1 THz and sel ected on a channe
spacing of 6.25 GHz with a variable slot width nmeasured in units of
12.5 GHz. Individual allocations nay be made on this basis from
anywhere in the spectrum subject to allocations not overl apping.

[ G 694. 1] provides clear guidance on the support of flexible grid by
i npl ementations in Section 2 of Appendix |
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The flexible DADM grid defined in clause 7 has a noninal centra
frequency granularity of 6.25 Gz and a slot width granularity of
12.5 GHz. However, devices or applications that make use of the
flexible grid may not have to be capabl e of supporting every
possi ble slot width or position. In other words, applications may
be defined where only a subset of the possible slot w dths and
positions are required to be supported.

For exanple, an application could be defined where the nom na
central frequency granularity is 12.5 GHz (by only requiring
values of n that are even) and that only requires slot widths as a
multiple of 25 GHz (by only requiring values of mthat are even).

Some addi ti onal background on the use of GWLS for flexible grids
can be found in [ FLEXFWRK] .

3. Fixed Gid Lanbda Label Encoding

[ RFC6205] defines an encoding for a global semantic for a DWDM | abe
based on four fields:

- Gid: used to select which grid the lanbda is selected from
Val ues defined in [ RFC6205] identify DWOM [ G 694. 1] and CWDM
[G 694.2].

- C. S. (Channel Spacing): used to indicate the channel spacing.
[ RFC6205] defines values to represent spacing of 100, 50, 25 and
12.5 GHz.

- ldentifier: a local-scoped integer used to distinguish different
| asers (in one node) when they can transnit the same frequency
| anbda.

- n: atw s-conplenent integer to take a positive, negative, or zero
value. This value is used to conpute the frequency as defined in
[ RFC6205] and based on [G 694.1]. The use of n is repeated here
for ease of reading the rest of this docunment: in case of
di screpancy, the definition in [RFC6205] is normative.

Frequency (THz) = 193.1 THz + n * frequency granularity (THz)

where the nominal central frequency granularity for the flexible
gridis 0.00625 THz
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4. Flexi-Gid Label Format and Val ues
4.1 Flexi-Gid Label Encoding

Thi s docunent defines a generalized |abel encoding for use in flexi-
grid systens. As with the other GWLS | anbda | abel formats defined
in [ RFC3471] and [ RFC6205], the use of this label format is known a
priori. That is, since the interpretation of all lanbda |abels is
det erm ned hop-by-hop, the use of this |label format requires that al
nodes on the path expect to use this |abel format.

For conveni ence, however, the label fornmat is nodel ed on the fixed
grid | abel defined in [ RFC6205] and briefly described in Section 3.

Figure 1 shows the format of the Flexi-Gid Label. It is a 64 bit
| abel .

1 2 3
1234567890123456789012345678901
+- +- B T T i Tk T S S S S
| Gri | Identifier | n |
+- +- B i i i o S S e e et I SR e e S S e s
I
+-

0
0
+- - - -
d| CS
+- - - -+

m | Reserved |

R e e e o o e R e ok o b N
Figure 1 : The Flexi-Gid Label Encoding

This docunent defines a new Grid value to suppl enent those in
[ RFC6205] :

S [ +
| Gid | Value |
S E S +
[T TU-T Flex| 3 |
[ RS TR +

Wthin the fixed grid network, the CS. value is used to represent
t he channel spacing, as the spacing between adjacent channels is
constant. For the flexible grid situation, this field is used to
represent the nonminal central frequency granularity.

This docunent defines a new C.S. value to suppl enent those in
[ RFC6205] :
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e I +
| CS(GHz) | Value |
Fom e - Fomm e o +
[ 6. 25 | 5 [
. N +

The meaning of the Identifier field is maintained from][RFC6205] (see
al so Section 3).

The nmeaning of n is nmaintained from][RFC6205] (see al so Section 3).

The mfield is used to identify the slot width according to the
formula given in [G694.1] as follows. It is a 16 bit integer val ue
encoded in I ne format.

Slot Wdth (GHz) = 12.5 GHz * m

The Reserved field MJUST be set to zero on transmni ssion and SHOULD be
i gnored on receipt.

An implenentation that wishes to use the flexi-grid | abel encoding
MUST follow the procedures of [RFC3473] and of [RFC3471] as updated
by [RFC6205]. It MJST set Gidto 3 and CS. to 5. It MJIST set
Identifier to indicate the local identifier of the |aser in use as
described in [RFC6205]. It MJST also set n according to the fornula
in Section 3 (inherited unchanged from [ RFC6205]). Finally, the

i npl ement ati on MUST set m as described in the fornula stated above.

4.2. Considerations of Bandw dth

There is sone overlap between the concepts of bandwi dth and |abel in
many GWLS- based systenms where a | abel indicates a physical swtching
resource. This overlap is increased in a flexi-grid systemwhere a

| abel value indicates the slot width and so affects the bandw dth
supported by an LSP. Thus the 'm paraneter is both a property of
the label (i.e., it helps define exactly what is switched) and of the
bandwi dt h.

In GWLS signaling [ RFC3473], bandwidth is requested in the TSpec
object and confirned in the Flowspec object. The 'ni paraneter that
is a paraneter of the GQWLS flexi-grid | abel as described above, is
al so a paraneter of the flexi-grid TSpec and Fl owspec as described in
[ FLEXRSVP] .

5. Manageabi lity Consi derations

Thi s docunent introduces no new el enents for nanagenent. That is,
| abel s can continue to be used in the same way by the GWLS protocol s
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and where those | abels were treated as opaque quantities with | oca
or global significance, no change is needed to the managenent
syst ens.

However, this docunent introduces sone changes to the nature of a

| abel that nmay require changes to managenent systens. Firstly,
systens that handle | anbda | abels as 32 bit quantities need to be
updated to process the 64 bit |abels described in this docunent even
if the |abels are treated as opaque quantities. Furthernore,

al t hough nanagenent systens that can handl e | anbda | abel s as defined
in [ RFC6205] can continue to process the fields defined in RFC 6205
as before, they have to handl e new | egal val ues of sone of those
fields (Gid =3 and C S. =5), and they have to be aware of the new
"m field.

| npl enent ati on Status

[RFC Editor Note: Please renove this entire seciton prior to publication

as an RFC. ]

This section records the status of known inplementations of the
protocol defined by this specification at the tinme of posting of this
Internet-Draft, and is based on a proposal described in RFC 6982

[ RFC6982]. The description of inplementations in this sectionis
intended to assist the IETF in its decision processes in progressing
drafts to RFCs. Please note that the listing of any individua

i npl ement ati on here does not inply endorsenent by the |ETF.
Furthernore, no effort has been spent to verify the information
presented here that was supplied by I ETF contributors. This is not

i ntended as, and nust not be construed to be, a catal og of available
i mpl ementations or their features. Readers are advised to note that
other inplenmentations may exi st.

According to RFC 6982, "this will allow reviewers and worki ng groups
to assign due consideration to docunents that have the benefit of
runni ng code, which may serve as evidence of val uable experinmentation
and feedback that have made the inplenmented protocols nore mature

It is up to the individual working groups to use this information as
they see fit.

6.1. Centre Tecnol ogi c de Tel econuni caci ons de Catal unya (CTTC)

Organi zati on Responsible for the Inplenentation
Centre Tecnol ogi ¢ de Tel ecormuni caci ons de Catal unya (CTTC)
Optical Networks and Systens Depart nent

| npl enent ati on Nane and Detail s:
ADRENALI NE t est bed
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http://networks. cttc. es/experinental -testbeds/

Bri ef Description:
Experimental testbed inplenentation of GWLS/ PCE control plane.

Level of Maturity:
I mpl emented as extensions to a mature GWMLPS/ PCE control plane.
It islinmted to research / prototyping stages but it has been
used successfully for nore than the last five years.

Cover age
Support for the 64 bit |abel as described version 07 of this
docunent .
This affects mainly the inplenentation of RSVP-TE and PCEP
pr ot ocol s:

- Generalized Label Support

- Suggested Label Support

- Upstream Label Support

- ERO Label Subobjects and Explicit Label Contro

It is expected that this inplenmentation will evolve to follow the
evol ution of this docunent.

Li censi ng:
Proprietary

| mpl enent ati on Experi ence:
I mpl enentation of this docunment reports no issues.
General inplenmentation experience has been reported in a nunber of
journal papers. Contact Ranon Casellas for nore infornmation or see
http://networks.cttc.es/publications/?
sear ch=GWPLS&r esear ch_ar ea=opti cal - net wor ks- syst ens

Contact Infornmation
Ranmon Casel | as: ranon. casell as@ttc. es

Interoperability:
No report.

7. Security Considerations
[ RFC6205] notes that the definition of a new | abel encodi ng does not
i ntroduce any new security considerations to [ RFC3471] and [ RFC3473].
That statenent applies equally to this docunent.

For a general discussion on MPLS and GWLS-rel ated security issues,
see the MPLS/ GWPLS security franmework [ RFC5920].
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8. | ANA Consi derati ons

| ANA mai ntains the "CGeneralized Miulti-Protocol Label Switching
(QWPLS) Signaling Paraneters" registry that contains severa
subregistries.

8.1. Gid Subregistry

I ANA is requested to allocate a new entry in this subregistry as
fol | ows:

Val ue Gid Ref er ence

3 I TUT Flex [This.I-D
8.2. DWDM Channel Spacing Subregistry

I ANA is requested to allocate a new entry in this subregistry as
fol | ows:

Val ue Channel Spacing (GHz) Ref er ence

5 6. 25 [This.I-D
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Appendi x A Flexi-Gid Exanpl e
Consi der a fragnent of an optical LSP between node A and node B using
the flexible grid. Suppose that the LSP on this hop is forned:
- using the ITUT Flexi-Gid
- the nominal central frequency of the slot 193.05 THz
- the nominal central frequency granularity is 6.25 GHz
- the slot width is 50 Gz.
In this case the | abel representing the switchable quantity that is
the flexi-grid quantity is encoded as described in Section 4.1 with
the follow ng paraneter settings. The |abel can be used in signaling
or in managenent protocols to describe the LSP
Gid=3: ITUT Flexi-Gid
C.S =5: 6.25 GHz nominal central frequency granularity
Identifier = local value indicating the laser in use
n=-8:
Frequency (THz) = 193.1 THz + n * frequency granularity (THz)
193.05 (THz) = 193.1 (THz) + n * 0.00625 (THz)
n = (193.05-193.1)/0.00625 = -8
m= 4 :
Slot Wdth (GHz) = 12.5 GHz * m
50 (GHz) = 12.5 (GHz) * m

m=50/ 12.5 = 4
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