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Abstract

This meno descri bes the OSPF-TE extensions in support of GWPLS
control of networks that include devices that use the new fl exible
optical grid.

Status of this Meno

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

Internet-Drafts are working docunents of the Internet Engineering
Task Force (1 ETF), its areas, and its working groups. Note that
other groups nmay al so distribute working docunents as Internet-
Drafts.

Internet-Drafts are draft docunents valid for a maxi num of six
nmont hs and nmay 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 htni.

This Internet-Draft will expire on Decenber 17, 2015.
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1. Introduction

[ G 694.1] defines the Dense Wavel ength Division Miltiplexing (DWDM
frequency grids for Wavel ength Division Miltiplexing (WM
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applications. A frequency grid is a reference set of frequencies
used to denote allowed nom nal central frequencies that may be used
for defining applications. The channel spacing is the frequency
spaci ng between two all owed nom nal central frequencies. Al of the
wavel engths on a fiber should use different central frequencies and
occupy a fixed bandwi dth of frequency.

Fi xed grid channel spacing is selected from12.5 Gz, 25 GHz, 50 Gz
100 GHz and integer multiples of 100 Giz. But [G 694.1] also
defines "flexible grids", also known as "flexi-grid". The terns
"frequency slot" (i.e., the frequency range allocated to a specific
channel and unavailable to other channels within a flexible grid)
and "slot width" (i.e., the full width of a frequency slot in a
flexible grid) are used to define a flexible grid.

[ FLEX- FWK] defines a framework and the associated control plane
requirenents for the GWLS based control of flexi-grid DWM networ ks

[ RFC6163] provides a framework for GWPLS and Path Conput ati on
El ement (PCE) control of Wavel ength Switched Optical Networks
(WBONs), and [ WSON- OSPF] defines the requirenents and OSPF-TE
extensions in support of GWLS control of a WSON

[ FLEX- SI G describes requirenents and protocol extensions for
signaling to set up LSPs in networks that support the flexi-grid,
and this docunment conplenments [ FLEX-SI G by describing the
requi renent and extensions for OSPF-TE routing in a flexi-grid
net wor K.

2. Term nol ogy

For terminology related to flexi-grid, please consult [FLEX-FW] and
[G694.1].

2.1. 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 RFC-2119 [ RFC2119].

3. Requirenments for Flexi-grid Routing

The architecture for establishing LSPs in a Spectrum Sw t ched
optical Network (SSON) is described in [ FLEX- FVK]

A flexi-LSP occupies a specific frequency slot, i.e. a range of
frequencies. The process of conputing a route and the allocation of
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a frequency slot is referred to as RSA (Routing and Spectrum
Assignnent). [FLEX-FWK] describes three types of architectura
approaches to RSA: conbi ned RSA; separated RSA; and distributed SA.
The first two approaches anong them could be called "centralized SA"
because both routing and spectrum (frequency slot) assignnent are
performed by centralized entity before the signaling procedure.

In the case of centralized SA, the assigned frequency slot is
specified in the Path nessage during LSP setup. 1In the case of
distributed SA, the slot width of the flexi-grid LSP is specified in
the Path message, allowing the involved network el ements to sel ect
the frequency slot to be used.

If the capability of switching or converting the whole optica
spectrum all ocated to an optical spectrumLSP is not avail abl e at
nodes along the path of the LSP, the LSP is subject to the Optical
"Spectrum Continuity Constraint”, as described in [ FLEX- FVK]

The remai nder of this section states the additional extensions on
the routing protocols in a flexi-grid network. That is, the
additional information that nust be collected and passed between
nodes in the network by the routing protocols in order to enable
correct path conputation and signaling in support of LSPs within the
net wor k.

3. 1. Avail abl e Frequency Ranges

In the case of flexi-grids, the central frequency steps from193.1
THz with 6.25 GHz granularity. The cal cul ati on nethod of centra
frequency and the frequency slot width of flexi-LSP are defined in
[G694.1].

On a DADM i nk, the frequency slots must not overlap with each other
However, the border frequencies of two frequency slots may be the
same frequency, i.e., the highest frequency of a frequency slot may
be the | owest frequency of the next frequency slot.
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Frequency Slot 1 Frequency Slot 2

|
-9-8-7-6-5-4-3-2-10 1 2 3 4 5 6 7 8 910 11
T A A S R S S S S S S

Central F = 193.1THz Central F = 193.1375 THz
Slot width = 25 Gz Slot width = 50 Gz

Figure 1 - Two Frequency Slots on a Link

Figure 1 shows two adjacent frequency slots on a link. The highest
frequency of frequency slot 1 denoted by n=2 is the | owest frequency
of slot 2. 1In this example, it nmeans that the frequency range from
n=-2 to n=10 is occupied and is unavailable to other flexi-LSPs.

Hence, in order to clearly show which LSPs can be supported and what
frequency slots are unavail able, the avail able frequency ranges
shoul d be advertised by the routing protocol for the flexi-grid DADM
links. A set of non-overl apping avail able frequency ranges shoul d
be dissem nated in order to allow efficient resource managenent of
flexi-grid DWDM | i nks and RSA procedures which are described in
section 5.8 of [FLEX-FVWK]

3.2. Application Conpliance Considerations

As described in [G 694.1], devices or applications that nake use of
the flexi-grid nmay not be capable of supporting every possible slot
width or position (i.e., central frequency). In other words,
applications or inplenmentations my be defined where only a subset
of the possible slot widths and positions are required to be
support ed.

For exanple, an application could be defined where the nom na
central frequency granularity is 12.5 Giz (by only requiring val ues
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).

Hence, in order to support all possible applications and

i mpl ementations the followi ng informati on should be advertised for a
flexi-grid DWDM | i nk:

0 Central frequency granularity: a nultiplier of 6.25 Gz

0 Slot width granularity: a nultiplier of 12.5 GHz.
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o Slot width range: two nultipliers of 12.5GHz, each indicate the
m ni mal and maxi mal sl ot width supported by a port respectively.

The conbination of slot width range and slot width granularity can
be used to deternmine the slot widths set supported by a port.

3.3. Conparison with Fixed-grid DWM Li nks

In the case of fixed-grid DAWDM | i nks, each wavel ength has a pre-
defined central frequency and each wavel ength has the sane frequency
range (i.e., there is a uniformchannel spacing). Hence all the
wavel engths on a DWDM | ink can be identified uniquely sinply by
giving it an identifier (such as the central wavel ength [ RFC6205]),
and the status of the wavel engths (available or not) can be
advertised through a routing protocol

Figure 2 shows a link that supports a fixed-grid with 50 GHz channe
spacing. The central frequencies of the wavel engths are pre-defined
by values of 'n’ and each wavel ength occupies a fixed 50 Gz
frequency range as described in [G 694.1].

W-2) | W-1) | Wo) | W1 | W2) |
--------- T ey
| 50 GHz | 50 Gz | 50 GHz | 50 GHz |
=2 n=-1 n=0 n=1 n=2
T S S S S

Central F = 193.1THz

Figure 2 - A Link Supports Fixed Wavel engths with 50 GHz Channel
Spaci ng

Unlike the fixed-grid DADM I inks, on a flexi-grid DADM | i nk the sl ot
wi dth of the frequency slot are flexible as described in section 3.1
That is, the value of min the formula is uncertain before a
frequency slot is actually allocated. For this reason, the
avai |l abl e frequency slot/ranges need to be advertised for a flexi-
grid DADM Ii nk i nstead of the specific "wavel engths" that are
sufficient for a fixed-grid link. Mreover, thus advertisenent is
represented by the conbination of Central Frequency G anularity and
Slot Wdth Ganularity.
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4. Extensions

As described in [ FLEX-FWK], the network connectivity topol ogy
constructed by the |inks/nodes and node capabilities are the sane as
for WBON, and can be advertised by the GVWPLS routing protocols
(refer to section 6.2 of [RFC6163]). In the flexi-grid case, the
avai |l abl e frequency ranges instead of the specific "wavel engths" are
advertised for the link. This section defines the GWLS OSPF- TE
extensions in support of advertising the avail able frequency ranges
for flexi-grid DADM |inks

4.1. 1SCD for Flexi-grid

Val ue Type

152 (TBA by | ANA) Fl exi - Gri d- LSC capabl e ( DWDM LSC)
Swi t ching Capability and Encodi ng val ues MJST be used as foll ows:

Switching Capability = Flexi-Gid-LSC
Encodi ng Type = | anbda [as defined in RFC3471]

When Switching Capability and Encoding fields are set to val ues
as stated above, the Interface Switching Capability Descriptor MJIST
be interpreted as in RFC4203 with the optional inclusion of one or
nmore Switching Capability Specific Information sub-TLVs.

The Max LSP Bandwi dth can be cal cul ated based on the Max Sl ot
Wdth defined in Avail abl e Resource sub-TLV in Section 4.3, together
wi th correspondi ng nodul ati on schenes.

4.2. Extensions to Port Label Restriction sub-TLV

As described in Section 3.2, a port that supports flexi-grid may
support only a restricted subset of the full flexible grid. The
Port Label Restriction sub-TLV is defined in [GEN-ENCODE]. It can
be used to describe the |label restrictions on a port. A new
restriction type, the flexi-grid Restriction Type, is defined here
to specify the restrictions on a port to support flexi-grid.
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0 1 2 3
01234567890123456789012345678901
B i S S T s i S T st i S S S S S S S S i
| MatrixID | RstType = TBA | Switching Cap | Encodi ng [
B i i S S i I e i S S R L e e e e
[ CFG [ S.WG [ Mn Slot Wdth [
R R e R e s s e o S S e R e o o

MatrixID (8 bits): As defined in [ GEN- ENCODE]

Rst Type (Restriction Type, 8 bits): Takes the value (TBA) to
indicate the restrictions on a port to support flexi-grid.

Switching Cap (Switching Capability, 8 bits): As defined in [ GEN
ENCODE], nust be consistent with the one specified in | SCD as
described in Section 4.1.

Encoding (8 bits): As defined in [ GENENCODE], mnust be consi stent
with the one specified in | SCD as described in Section 4.1.

C.F.G (Central Frequency Ganularity, 8 bits): A positive integer
Its value indicates the multiple of 6.25 GHz in ternms of centra
frequency granularity.

S.WG (Slot Wdth Granularity, 8 bits): A positive integer. |Its
value indicates the multiple of 12.5 GHz in terns of slot width
granul arity.

Mn Slot Wdth (16 bits): A positive integer. |Its value indicates

the multiple of 12.5 GHz in terns of the supported nininmal slot
wi dt h.

4.3. Avail abl e Resource sub-TLV

The Avail abl e Resource sub-TLV is defined to support indicating the
flexi-grid | abel availability as follow
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0 1 2 3
01234567890123456789012345678901
B i S S T s i S T st i S S S S S S S S i
[ Pri [ Max Sl ot Wdth [ Reserved [
B i i S S i I e i S S R L e e e e
| Label Set Field |

B T S o T ST S e S i < S S S S SIS S S S S S

Pri (priority flags): can be referred to Section 2.4 of [ GEN ENCODE]

Max Slot Wdth (16 bits): A positive integer. |Its value indicates
the multiple of 12.5 GHz in ternms of the supported maxi mal sl ot
wi dt h.

Label Set Field: the definition of Label Set Field can be referred
to Section 2.6 of [GEN-ENCODE]. According to the possible action
val ue, the usage of Label Set Field is described as the follow ng
sections, respectively.

4.3.1. Inclusive/Exclusive Label Ranges

The inclusive/exclusive | abel ranges fornat of the Label Set Field
defined in [ GEN-ENCODE] can be used for specifying the frequency
ranges of the flexi-grid DWDM | i nks

Note that nultiple Avail abl e Resource sub-TLVs may be needed if
there are multiple discontinuous frequency ranges on a |ink

4.3.2. Inclusivel/ Exclusive Label Lists

The inclusive/exclusive |abel lists format of Avail abl e Label s Set
sub-TLV defined in [ GEN-ENCODE] can be used for specifying the
avai l abl e central frequencies of flexi-grid DWM I|inks

4.3.3. Bitmap Label Set

The bitmap format of Avail able Labels Set sub-TLV defined in [ GEN
ENCODE] can be used for specifying the avail able central frequencies
of the flexi-grid DWM I|inks

Each bit in the bit map represents a particular central frequency
with a value of 1/0 indicating whether the central frequency is in
the set or not. Bit position zero represents the |owest centra

frequency and corresponds to the base | abel, while each succeeding
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bit position represents the next central frequency |ogically above
t he previous.

Exanpl es of the Avail abl e Resource sub-TLV can be found in Section
4.4,

4.4. Exanples for Avail abl e Resource Sub-TLV

Fi gure 3 shows an exanpl e of avail able frequency range of a flexi-
grid DADM | i nk.

-9-8-7-6-5-4-3-2-10 1 2 3 4 5 6 7 8 910 11
BT T T T S T T T o
| --Avai | abl e Frequency Range-- |

Figure 3 - Flexi-grid DWM Li nk

The synbol '+ represents the allowed nonminal central frequency. The
synmbol "--" represents a 6.25 GHz frequency unit. The nunber on the
top of the line represents the 'n’ in the frequency cal cul ation
formula (193.1 + n * 0.00625). The nomi nal central frequency is

193.1 THz when n equal s zero.

The usage of Action, Nunber of Labels and Length session of the
Label set field can be referred to Section 2.6 in [ GEN- ENCODE]

Assunme that the central frequency granularity is 6.25GHz, the |abe
set can be encoded as foll ows:

I ncl usi ve Label Range:

o Start Slot = -2;
o End Slot = 8.

The avail abl e central frequencies (-1, 0, 1, 2, 3, 4, 5, 6, 7) can
be deduced by the Inclusive Label Range, because the Central
Frequency Granularity is 6.25 GHz.

I ncl usi ve Label Lists:
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o List Entry 1 = slot -1;
o List Entry 2 = slot O;
o List Entry 3 = slot 1;
o List Entry 4 = slot 2
o List Entry 5 = slot 3;
o List Entry 6 = slot 4;
o List Entry 7 = slot 5;
o List Entry 8 = slot 6;
o List Entry 9 = slot 7.
Bi t map:

0 Base Slot = -1;

o Bitmap = 111111111(padded out to a full nultiple of 32 bits)

5. 1 ANA Consi derations
[ GEN- OSPF] defines the Port |abel Restriction sub-TLV of OSPF TE
Link TLV. It also creates a registry of values of the Restriction
Type field of that sub-TLV

I ANA is requested to assign a new value fromthat registry as

fol | ows:
Val ue Meani ng Ref erence
TBD Flexi-grid restriction [This.l-D]

6. I nplenentation Status

[RFC Editor Note: Please renobve this entire seciton prior to
publication as an RFC.]

This section records the status of known inplenmentations 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 inplenmentations in this section
is intended to assist the IETF in its decision processes in
progressing drafts to RFCs. Please note that the listing of any

i ndi vidual inplenentation here does not inply endorsenent by the

| ETF. Furthernore, no effort has been spent to verify the

i nformati on presented here that was supplied by | ETF contributors.
This is not intended as, and nust not be construed to be, a catal og
of available inplenmentations or their features. Readers are advised
to note that other inplenentations may exist.
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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 valuable
experinentation and feedback that have nade the inpl enented
protocols nore nature. It is up to the individual working groups to
use this information as they see fit.

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

Organi zati on Responsible for the Inplenentation: CITC - Centre
Tecnol ogi ¢ de Tel econuni caci ons de Catal unya (CTTC), Opti cal
Net wor ks and Systens Department, http://w kiona.cttc.es

| mpl enent ati on Nanme and Details: ADRENALI NE test bed,
http://networks. cttc. es/ experinental -testbeds/

Brief Description: Experinmental testbed inplenentation of
GWLS/ PCE control plane.

Level of Maturity: Inplemented as extensions to a mature
GWPS/ PCE control plane. It is limted to research / prototyping
stages but it has been used successfully for nore than the last five
years.

Coverage: Support for the 64 bit |abel [FLEC LBL] for flexi-grid
as described in this docunent, with avail abl e | abel set encoded as
bi t map.

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

Li censing: Proprietary

| npl enent ati on Experience: |nplenmentation of this docunent
reports no issues. Ceneral inplenentation experience has been
reported in a nunber of journal papers. Contact Ranon Casellas for
nmore i nformation or see http://networks.cttc.es/publications/?
sear ch=GWPLS&r esear ch_ar ea=opt i cal - net wor ks- syst ens

Contact Information: Ranon Casellas: ranon.casellas@ttc.es

Interoperability: No report.
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