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Abst ract

The I nternational Tel ecomuni cation Union Tel ecomruni cati on

standardi zati on sector (ITU-T) has extended its Recommendati ons

G 694.1 and G 872 to include a new Dense Wavel ength Divi sion

Mul tiplexing (DWNDM grid by defining channel spacings, a set of

nom nal central frequencies, and the concept of the "frequency slot".
Cor respondi ng techni ques for data-plane connections are known as
"flexi-grid".

Based on the characteristics of flexi-grid defined in G694.1 and in
RFCs 7698 and 7699, this docunment describes the Open Shortest Path
First - Traffic Engineering (OSPF-TE) extensions in support of GWLS
control of networks that include devices that use the new flexible
optical grid.
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Thi s docunent is a product of the Internet Engineering Task Force
(ITETF). It represents the consensus of the IETF community. It has
recei ved public review and has been approved for publication by the
I nternet Engineering Steering Goup (IESG. Further information on
Internet Standards is available in Section 2 of RFC 7841.

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

and how to provide feedback on it may be obtained at
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1. Introduction

[G 694.1] defines the Dense Wavel ength Division Miltiplexing (DADM
frequency grids for Wavel ength Division Miltiplexing (WM
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 ranges fromone of 12.5 GHz, 25 CGHz, 50
GHz, or 100 GHz to integer nultiples of 100 GHz. But [G 694.1] also
defines a "flexible grid", also known as "flexi-grid". The termns
"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.

[ RFC7698] defines a franmework and the associated control -pl ane
requirenents for the GWLS-based control of flexi-grid DWM networ ks

[ RFC6163] provides a framework for GWLS and Pat h Conputation El enent
(PCE) control of Wavel ength Switched Optical Networks (WSONs).

[ RFC7688] defines the requirenents and OSPF- TE extensions in support
of GWPLS control of a WSON

[ RFC7792] describes requirenents and protocol extensions for
signaling to set up Label Switched Paths (LSPs) in networks that
support the flexi-grid. This docunment conpl enents [ RFC7792] by
describing the requirenent and extensions for OSPF-TE routing in a
flexi-grid network.

Thi s docunent conplenments the efforts to provide extensions to the
OSPF- TE protocol so as to support GWPLS control of flexi-grid
net wor ks.

2. Term nol ogy

For terminology related to flexi-grid, please consult [RFC7698] and
[G694.1].
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2.1. Conventions Used in This Docunent

The key words "MJST", "MJST NOT", "REQUI RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMENDED', "NOT RECOMMENDED', "MAY", and
"OPTIONAL" in this docunent are to be interpreted as described in
BCP 14 [ RFC2119] [RFC8174] when, and only when, they appear in all
capitals, as shown here

3. Requirenents for Flexi-Gid Routing

The architecture for establishing LSPs in a Spectrum Switched Optica
Network (SSON) is described in [ RFC7698].

A flexi-grid LSP occupies one or multiple specific frequency slots.
The process of conputing a route and the allocation of a frequency
slot is referred to as "RSA" (Routing and Spectrum Assi gnnent).

[ RFC7698] describes three types of architectural approaches to RSA
conbi ned RSA, separated RSA, and routing and distributed SA. The
first two approaches could be called "centralized SA" because the
spectrum (frequency slot) assignnent is performed by a single entity
bef ore the signaling procedure.

In the case of centralized SA, the assigned frequency slot is
specified in the RSVP-TE Path nessage during the signaling process.
In the case of routing and distributed SA, only the requested sl ot
width of the flexi-grid LSP is specified in the Path nessage,

all owing the involved network elements to select the frequency sl ot
to be used.

If the capability of switching or converting the whole optica
spectrum all ocated to an optical spectrumLSP is not avail able at
nodes along the path of the LSP, the LSP is subject to the Optical
"Spectrum Continuity Constraint”, as described in [ RFC7698].

The remai nder of this section states the additional extensions on the
routing protocols in a flexi-grid network.

3.1. Avail able Frequency Ranges

In the case of flexi-grids, the central frequency steps from193.1
THz with 6.25 GHz granularity. The calcul ati on nethod of centra
frequency and the frequency slot width of a frequency slot are
defined in [G 694.1], i.e., by using nom nal central frequency n and
the slot width m
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On a DWDM Iink, the allocated or in-use frequency slots do not
overlap with each other. However, the border frequencies of two
frequency slots may be the sane frequency, i.e., the upper bound of a
frequency slot and the | ower bound of the directly adjacent frequency
sl ot are the sane.

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
B S S

Central F = 193.1 THz Central F = 193.1375 THz
Slot wdth = 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 unavailable to other flexi-grid LSPs. Avail able
central frequencies are advertised for nmel, which neans that for an
avai l abl e central frequency n, the frequency slot fromcentra
frequency n-1 to central frequency n+l is avail able.

Hence, in order to clearly show which frequency slots are avail able
and can be used for LSP establishnment and which frequency slots are
unavail able, the availability of frequency slots is advertised by the
routing protocol for the flexi-grid DWDM | i nks. A set of non-
over | appi ng avail abl e frequency ranges is dissemnated in order to
all ow efficient resource managenment of flexi-grid DWDM |inks and RSA
procedures, which are described in Section 4.8 of [RFC7698].

3.2. Application Conpliance Considerations

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

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 the sane application only requires slot
widths as a nultiple of 25 GHiz (by only requiring val ues of mthat
are even).
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Hence, in order to support all possible applications and
i mpl ement ations, the follow ng informati on SHOULD be advertised for a
flexi-grid DADM | i nk:

0 Channel Spacing (C. S.): as defined in [RFC7699] for flexi-grid, is
set to 5 to denote 6.25 GHz.

0 Central frequency granularity: a multiplier of C. S
0o Slot width granularity: a multiplier of 2*C. S

0o Slot width range: two nultipliers of the slot width granularity,
each indicating the mniml and nmaximal slot wi dth supported by a
port, respectively.

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

3.3. Conparison with Fixed-Gid DWM Li nks

In the case of fixed-grid DADM | i nks, each wavel ength has a
predefined central frequency. Each wavelength maps to a predefined
central frequency, and the usable frequency range is inplicit by the
channel spacing. Al the wavelengths on a DWDM | i nk can be
identified with an identifier that mainly conveys its centra
frequency as the | abel defined in [ RFC6205]; the status of the

wavel engt hs (avail able or not) can be advertised through a routing
pr ot ocol

Figure 2 shows a link that supports a fixed-grid with 50 GHz channe
spaci ng. The central frequencies of the wavel engths are predefined
by values of "n", and each wavel ength occupies a fixed 50 GHz
frequency range as described in [G 694.1].

W-2) | W-1) | Wo) | W1 | W2) |
--------- T T e e T
| 50 GHz | 50 GHz | 50 GHz | 50 GHz |
n=-2 n=- n=0 n=1 n=2
B TR Fomme e e e - Fomme e e e - Fomme e e e - R R

Central F = 193.1 THz

Figure 2: A Link Supports Fixed Wavel engt hs
with 50 GHz Channel Spacing
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Unlike the fixed-grid DWDM |inks, on a flexi-grid DWDM |ink, the slot
wi dth of the frequency slot is flexible, as described in Section 3.1.
That is, the value of min the following formula from[G 694.1] is
uncertain before a frequency slot is actually allocated for a flexi-
grid LSP.

Slot Wdth (in Giz) = 12.5GH * m

For this reason, the available frequency slots (or ranges) are
advertised for a flexi-grid DWDM I ink instead of the specific
"wavel engt h" points that are sufficient for a fixed-grid |link.
Moreover, this advertisenment is represented by the conbination of
central frequency granularity and slot width granularity.

4, Ext ensi ons

The networ k-connectivity topol ogy constructed by the |inks and/or
nodes and node capabilities are the sane as for WSQON, as described in
[ RFC7698], and they can be advertised by the GWLS routing protocols
usi ng Opaque Link State Advertisenents (LSAs) [RFC3630] in the case
of OSPF-TE [ RFC4203] (refer to Section 6.2 of [RFC6163]). 1In the
flexi-grid case, the avail able 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
avai | abl e frequency ranges for flexi-grid DADM Iinks.

4.1. Interface Switching Capability Descriptor (1SCD) Extensions for
Flexi-Gid

This section defines a new value for the Switching Capability field
of the 1SCD with a value of 152 and type name Flexi-Gid-LSC.

152 Fl exi - Gid-LSC
Switching Capability and Encodi ng val ues MJUST be used as foll ows:
Switching Capability = Flexi-Gid-LSC
Encodi ng Type = |l anbda (as defined in [ RFC3471])
When the Switching Capability and Encoding fields are set to val ues
as stated above, the ISCDis interpreted as in [RFC4203] with the

optional inclusion of one or nore Switching Capability Specific
Information (SCSI) sub-TLVs.
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As the "Max LSP Bandwi dth at priority x" (x fromO to 7) fields in
the generic part of the | SCD [ RFC4203] are not neani ngful for flexi-
grid DADM | i nks, the values of these fields MJST be set to zero and
MUST be ignored. The SCSI as defined bel ow provides the
correspondi ng information for flexi-grid DWM | i nks

4.1.1. Switching Capability Specific Information (SCSI)

[ RFC8258] defines a Ceneralized SCSI for the 1SCD. This docunent
defines the Frequency Availability Bitmap as a new type of the
Generalized SCSI TLV. The technol ogy-specific part of the flexi-grid
| SCD i ncludes the avail abl e frequency-spectrumresource as well as
the informati on regardi ng max slot widths per priority. The format
of this flexi-grid SCSI, the Frequency Availability Bitmap sub-TLV,
is depicted in the follow ng figure:

0 1 2 3
01234567890123456789012345678901
L e i S e I S ek i S N SR S
| Type = 11 | Lengt h |
B i s T T i i o S o T Ji I
Priority | Reserved |
i I i Tl it I R S R S St S SRS S
Max Slot Wdth at Priority k | Unreserved Paddi ng ~
e i s I S T T it S S S S S

C.S | Starting n | No. of Effective Bits
i T o T i e S S S i S e S
Bi t map .. ~
| padding bits ~

+
+
+
e e e e e e e e e e e e e e e e b e e e b b e e e e e e e e e e 4

Type (16 bits): The type of this sub-TLV (11).

Length (16 bits): The length of the value field of this sub-TLV in
octets.

Priority (8 bits): A bitnmap used to indicate which priorities are
bei ng advertised. The bitmap is in ascending order, with the

|l eftnost bit representing priority level O (i.e., the highest) and
the rightnost bit representing priority level 7 (i.e., the | owest).
A bit is set (1) corresponding to each priority represented in the
sub-TLV and clear (0) for each priority not represented in the sub-
TLV. At least one priority |level MJST be advertised. |If only one
priority level is advertised, it MJST be at priority level O.

Reserved: The Reserved field MJST be set to zero on transmn ssion and
MUST be ignored on receipt.

Zhang, et al. St andards Track [ Page 8]



RFC 8363 GWLS OSPF-TE for Flexi-Gid DWDM May 2018

Max Slot Wdth at Priority k (16 bits): This field indicates maxi ma
frequency slot width supported at a particular priority level, up to
8. This field is set to max frequency slot w dth supported in the
unit of 2*C.S., for a particular priority level. One field MIST be
present for each bit set in the Priority field, and each present
field is ordered to match the Priority field. Fields MJST be present
for priority levels that are indicated in the Priority field.

Unreserved Padding (16 bits): The Padding field is used to ensure the
32-bit alignment of Max Slot Wdth at Priority k. Wen k is an odd
nunber, the Unreserved Padding field MJST be included. Wen k is an
even nunber, the Unreserved Padding field MJST be onmitted. This
field MUST be set to 0 and MJST be ignhored on receipt.

C.S. (4 bits): As defined in [RFC7699]; it is currently set to 5

Starting n (16 bits): As defined in [RFC7699]. This val ue denotes
the starting point of the nominal central frequency of the frequency
avai l ability bitmap sub-TLV.

No. of Effective Bits (12 bits): Indicates the nunber of effective
bits in the Bitmap fi el d.

Bitmap (variable): Indicates whether or not a basic frequency slot,
characterized by a nominal central frequency and a fixed mval ue of
1, is available for flexi-grid LSP setup. The first nominal centra
frequency is the value of starting n; subsequent nom nal centra
frequencies are inplied by the position in the bitmap. Note that
setting to 1 indicates that the correspondi ng central frequency is
available for a flexi-grid LSP with mr1 and setting to O indicates
the correspondi ng central frequency is unavailable. Note that a
centralized SA process will need to extend this to high values of m
by checking a sufficiently |arge nunber of consecutive basic
frequency slots that are avail abl e.

padding bits (variable): Padded after the Bitmap to nmake it a
multiple of four bytes, if necessary. Padding bits MJST be set to O
and MJST be ignored on receipt.

An exanple is provided in Section 4.1. 2.
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4.1.2. An SCSI Exanple

Figure 3 shows an exanpl e of the avail abl e frequency spectrum
resource of a flexi-grid DWDM | i nk

-9-8-7-6-5-4-3-2-10 1 2 3 4 5 6 7 8 910 11
R S e s e T e e S L E S T T NE IS SIS
| --Avail abl e Frequency Range-- |

Figure 3: Flexi-Gid DWM Li nk Exanpl e

The synbol "+" represents the allowed noninal central frequency. The
synmbol "--" represents a central frequency granularity of 6.25 GHz,
which is currently standardized in [G 694.1]. 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

In this exanple, it is assumed that the | owest nominal centra
frequency supported is n=-9 and the highest is n=11. Note they
cannot be used as a nom nal central frequency for setting up an LSP
but nerely as the way to express the supported frequency range.
Using the encoding defined in Section 4.1.1, the relevant fields to
express the frequency resource availability can be filled as bel ow

0 1 2 3
01234567890123456789012345678901
el i I e i it T e e e e i i T o S e e S e T R R
| Type =11 | Length |
I S i o T s S S S e s s T

Priority | Reserved |
I S I ih (i S S U Y S T ST S ST S S S i S S S S e
Max Slot Wdth at Priority k | Unr eserved Paddi ng ~
B i o T R R i i o T R e e S i S e S e S il o i
Starting n (-9) | No. of Effec. Bits(21)]

s T I e e S kT T S S e i St e i S
0] 0[0]0]1]2]2]1]1]12]2]1]1]0]0]0]0] padding bits (0s) |
B i i I e e it sl o ot TR N S S e S S T e e i o

+— +

In the above exanple, the starting n is selected to be the | onest
nom nal central frequency, i.e., -9. It is observed fromthe bitmp
that n=-1 to 7 can be used to set up LSPs. Note other starting n
val ues can be chosen to represent the bitmap; for exanple, the first
avai | abl e nom nal central frequency (a.k.a., the first avail able
basi c frequency slot) can be chosen, and the SCSI w |l be expressed
as the foll ow ng:
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4.

2.

0 1 2 3
01234567890123456789012345678901
B i s T T i i o S o T Ji I
| Type =11 | Lengt h |
e L i i e i ik ok i SR S S
Priority | Reserved |
B s e s o i T S S i s o I N N S
Max Slot Wdth at Priority k | Unr eserved Paddi ng
s o S i i oI R R S S S S e s S T S S S S S e o
Starting n (-1) | No. of Effec. Bits(9)|
B i T i i i it S SR SRR S
1] 1] 1] 1] 1] paddi ng bits (0s) |
B T L s s i S e e E R

+

Thi s encodi ng denotes that, other than the advertised avail abl e
nom nal central frequencies, the other nomi nal central frequencies
wi thin the whol e frequency range supported by the |ink are not
avai l able for flexi-grid LSP setup.

If an LSP with slot width mequal to 1 is set up using this |link, say
using n=-1, then the SCSI information is updated to be the foll ow ng:

0 1 2 3
01234567890123456789012345678901
T e L o o o e i i s it NN R SR S B S
| Type = 11 | Lengt h |
B i s T T i i o S o T Ji I
Priority | Reserved |
B S i i S e S S S ek i N
Max Slot Wdth at Priority k | Unreserved Paddi ng
e C s e o e e e o ik i I R
| Starting n (-1) | No. of Effec. Bits(9)]
i T S S O S i i S
1] 1] 1] 1] 1) 1] 1] paddi ng bits (0s) |
i T T St il i s s it I R SR S S

+

Extensions to the Port Label Restrictions Field

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 Restrictions field is defined in [RFC7/579]. It can be used to
describe the label restrictions on a port and is carried in the top-
| evel Link TLV as specified in [RFC7580]. 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

e o I e e ol i I T T T S S e e e e i i ol it T R R
| MatrixID | RstType =5 | Switching Cap | Encodi ng |
e L i i T e h o i R S S
| CS | CFG | S.WG | Reserved |
i e e T i e e e i S T e e s
| Mn Slot Wdth | Reserved |
e o I e e ol i I T T T S S e e e e i i ol it T R R

MatrixI D (8 bits): As defined in [ RFC7579].

Rst Type (Restriction Type, 8 bits): Takes the value of 5 to indicate
the restrictions on a port to support flexi-grid.

Switching Cap (Switching Capability, 8 bits): As defined in
[ RFC7579], MJST be consistent with the one specified in | SCD as
descri bed in Section 4.1.

Encoding (8 bits): As defined in [RFC7/579], MUST be consistent with
the one specified in | SCD as described in Section 4.1.

C.S. (4 bits): As defined in [RFC7699]. For flexi-grid, it is 5to
denote 6.25 GHz.

C.F.G (Central Frequency Ganularity, 8 bits): A positive integer.
Its value indicates the multiple of CS., in terns of central
frequency granularity.

S WG (Slot Wdth Ganularity, 8 bits): A positive integer. |Its
value indicates the multiple of 2*C.S., in ternms of slot width
granul arity.

Mn Slot Wdth (16 bits): A positive integer. |Its value indicates
the multiple of 2*C.S. (in GHz), in terms of the supported m ninal
sl ot w dth.

Reserved: The Reserved field MJST be set to zero on transm ssion and
SHOULD be ignored on receipt.
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5. |1 ANA Consi derations
5.1. New I SCD Switchi ng Type

| ANA has nade the followi ng assignnent in the "Switching Types" sub-
registry of the "Generalized Milti-Protocol Label Switching (GVWPLS)
Signaling Paraneters"” registry |ocated at

<https://wwv. i ana. or g/ assi gnnent s/ gnpl s- si g- par amet er s>:

Val ue Name Ref er ence

152 Fl exi - Gid-LSC RFC 8363
5.2. New SCSI Type

Thi s docunent defines a new generalized SCSI sub-TLV that is carried
in the Interface Switching Capability Descriptors [ RFC4203] when the
Switching Type is set to Flexi-Gid-LSC

| ANA has nmade the foll owi ng assignnent in the "Generalized SCSI
(Switching Capability Specific Information) TLV Types" sub-registry
[ RFC8258] of the "Generalized Miulti-Protocol Label Switching (GVPLS)
Signaling Paraneters" registry |ocated at

<https://wwv. i ana. or g/ assi gnnent s/ gnpl s- si g- par anet er s>:

Val ue SCSI-TLV Swi t chi ng Type Ref erence

11 Frequency Availability Bitnmap 152 RFC 8363
6. Security Considerations

Thi s docunent extends [ RFC4203] and [RFC7580] to carry flexi-grid-
specific information in OSPF Opaque LSAs. This document does not

i ntroduce any further security issues other than those discussed in

[ RFC3630] and [RFC4203]. To be nore specific, the security
mechani snms described in [RFC2328], which apply to Opaque LSAs carried
in OSPF, still apply. An analysis of the OSPF security is provided
in [RFC6863] and applies to the extensions to OSPF in this docunent
as wel | .
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