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Abst r act

GWPLS supports the description of optical switching by identifying
entries in fixed lists of switchable wavel engths (called grids)
through the encoding of |anbda labels. Wrk within the ITUT 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 RFCs 3471 and 6205 by introducing a new | abel
format.

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

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
Internet Engineering Steering Group (IESG. Further information on
Internet Standards is available in Section 2 of RFC 5741.

I nformati on about the current status of this docunent, any errata,

and how to provide feedback on it nmay be obtained at
http://ww. rfc-editor.org/info/rfc7699.
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1.

I nt roducti on

As described in [ RFC3945], GWLS extends MPLS from supporting only
Packet Switch Capable (PSC) interfaces and switching, to al so support
four new classes of interfaces and switching that include Lanbda

Swi tch 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
[ 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 format
that has a gl obal semantic and is conpliant with both the Dense

Wavel ength Division Miultiplexing (DAWDM grid [ G 694.1] and the Coarse
Wavel ength Division Multiplexing (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 pieces 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 schenme 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 developed within the ITUT Study G oup 15
to allow sel ection and switching of pieces of the optical spectrum
chosen flexibly froma fine-granularity grid of wavel engths with
vari abl e spectral bandwi dth [G 694. 1].

[ RFC3471] defines several basic |abel types including the | anbda

| abel . 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. In order to facilitate
interoperability in a network conposed of LSC equipnment, [RFC6205]
defines a standard | anbda | abel format and is designated an update of
RFC 3471.

Thi s docunent continues the thenme of defining global semantics for
the wavel ength | abel by addi ng support for the flexi-grid. Thus,
this document updates [RFC6205] and [ RFC3471].

This docunent relies on [G 694.1] for the definition of the optica
data plane and does not make any updates to the work of the I TUT.
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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
docunent are to be interpreted as described in [ RFC2119].

2. Overviewof Flexi-Gid

[G694.1] defines DADM fixed grids. The |latest 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 measured 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 |

The flexible DADM grid defined in clause 7 has a nonminal centra
frequency granularity of 6.25 GHz 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
possible 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 G4z (by only requiring values of mthat are even).

Sone addi tional background on the use of GWLS for flexible grids can
be found in [ RFC7698].

2.1. Composite Labels

It is possible to construct an end-to-end connection as a conposite
of nmore than one flexi-grid slot. The mechanismused in GWLS is
simlar to that used to support inverse nmultiplexing famliar in
time-division nmultiplexing (TDM and optical transport networks
(OTNs). The slots in the set could potentially be contiguous or non-
contiguous (only as allowed by the definitions of the data plane) and
could be signaled as a single LSP or constructed froma group of

LSPs. For nore details, refer to Section 4.3.

How the signal is carried across such groups of channels is out of
scope for this docunent.

Farrel, et al. St andards Track [ Page 4]



RFC 7699 GWPLS Labels for Flexi-Gid Novenber 2015

3.

4.

Fi xed-Gri d Lanbda Label Encoding

[ RFC6205] defines an encoding for a gl obal semantic for a DWM | abe
based on four fields:

- Gid: used to select which grid the lanbda is selected from
Val ues defined in [ RFC6205] identify DADM [ 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 transmt the same frequency
| ambda.

- n: atw s-conplenment 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 nis
repeated here for ease of reading the rest of this document: in
case of discrepancy, 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

Fl exi -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 |anbda |abels is
determ 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 |abel format is nodel ed on the fixed-
grid label defined in [ RFC6205] and briefly described in Section 3.

Figure 1 shows the format of the Flexi-Gid Label. 1t is a 64-bit
| abel .
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0 1 2 3

01234567890123456789012345678901
B
Gid| CSsS.
+- - - -+

+ B i i R T sl s sT o STt ST N S S i S I T S o
| | I dentifier | n |
+- i i i s c T S S S S S S S S
| m | Reserved |
R et e s i o e s i i
Figure 1 : The Flexi-Gid Label Encoding

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

Fomm e e e oo B S +
| Gid | Val ue

N R S —— +
| 1T TU-T Fl ex| 3 |
S S +

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

Thi s docunent defines a new C.S. value to suppl enent those in
[ RFC6205] :

R R +
| CS (Giz) | Value |
Fom e e o - S +
| 6. 25 | 5 |
Fomm e oo - B +

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

The meaning of n is maintained from[RFC6205] (see also 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 line format.

Slot Wdth (GHz) = 12.5 GHz * m

The Reserved field MJUST be set to zero on transm ssion and SHOULD be
i gnored on receipt.
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An inplenentation that wishes to use the flexi-grid | abel encoding
MUST foll ow the procedures of [RFC3473] and of [RFC3471] as updated

by [RFC6205]. It MJST set Gid to 3 and CS. to 5. It MIST set
Identifier to indicate the local identifier of the laser 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 mpl erent ati on MUST set m as described in the fornmula stated above.

4.2. Considerations of Bandw dth

There is sone overlap between the concepts of bandwi dth and |abel in
many GWPLS- based systens 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 parameter is both a property of the
| abel (i.e., it helps define exactly what is switched) and of the
bandwi dt h.

In GWLS signaling [RFC3473], bandwidth is requested in the
SENDER _TSPEC obj ect and confirnmed in the FLOASPEC object. The m
paraneter, which is a parameter of the GWLS flexi-grid | abel as
descri bed above, is also a paraneter of the flexi-grid Tspec and
Fl owspec as described in [ FLEXRSVP].

4.3. Conposite Labels

The creation of a conposite of multiple channels to support inverse
multiplexing is already supported in GVWLS for TDM and OIN (see

[ RFC4606], [RFC6344], and [ RFC7139]). The nechani smused for flexi-
gridis simlar.

To signal an LSP that uses nultiple flexi-grid slots, a "conpound

| abel " is constructed. That is, the LABEL object is constructed from
a concatenation of the 64-bit Flexi-Gid Labels shown in Figure 1.

The nunber of elenents in the | abel can be determined fromthe |l ength
of the LABEL object. The resulting LABEL object is shown in Figure 2
i ncluding the object header that is not normally shown in

di agrammati c representations of RSVP-TE objects. Note that r is the
count of conponent |abels, and this is backward conpatible with the

| abel shown in Figure 1 where the value of r is 1.

The conponent | abels MJST be presented in increasing order of the
value n. Inplenmentations MUST NOT infer anything about the encoding
of a signal into the set of slots represented by a conpound | abe
fromthe | abel itself. Information about the encoding MAY be handl ed
in other fields in signaling nessages or through an out - of - band
system but such considerations are outside the scope of this
docunent .
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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
| oj ect Length (4 + 8r) | dass-Num (16)| C Type (2)
e L o i T el S ok i I R SRR S
|Gid ]| CS | I dentifier | n |
i e e R R e T e D i stk s i SR SR R S T
| m | Reserved |
B i s T T i i o S o T Ji I
i s T S i i T S A b e ok
|Gid ]| CS | I dentifier | n |
i e e R R e T e D i stk s i SR SR R S T
| m | Reserved |
+

B S S e i S S T A S S S S S S i S S
Figure 2 : A Conpound Label for Virtual Concatenation
Note that specific rules rmust be applied as foll ows:

- Gid MIST show "I TU-T Flex" value 3 in each component | abel.

- C. S. MJST have the sane val ue in each conponent | abel.

- ldentifier in each conponent |abel nmay identify different physical
equi prent .

- Values of n and min each conmponent |abel define the slots that
are concat enat ed.

At the time of witing, [G 694.1] only supports only groupings of

adj acent slots (i.e., without intervening unused slots that could be
used for other purposes) of identical wi dth (same value of n), and
the component slots nust be in increasing order of frequency (i.e

i ncreasing order of the value n). The mechani sm defi ned here MJST
NOT be used for other forms of grouping unless and until those forns
are defined and docunmented in Recommendati ons published by the I TU-T.

Note further that while the nechani sm described here naturally means
that all conponent channels are corouted, a conposite channel can

al so be achi eved by constructing individual LSPs fromsingle flexi-
grid slots and managi ng those LSPs as a group. A nechanismfor
achieving this for TDMis described in [RFC6344], but is out of scope
for discussion in this docunent because the | abels used are nornmal,
single-slot labels and require no additional definitions.
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5. Manageability and Backward Conpatibility Considerations

This section briefly considers issues of manageability and backward
conpatibility.

5.1. Control-Plane Backward Conpatibility

Labels are carried in tw ways in GWLS: for imediate use on the
next hop and for use at renote hops.

It is an assunption of GWLS that both ends of a |ink know what | abel
types are supported and only use appropriate |abel types. |If a |abe
of an unknown type is received, it will be processed as if it was of
a known type since the Label Object and similar |abel-carrying
objects do not contain a type identifier. Thus, the introduction of
a flexi-grid label in this docunent does not change the conpatibility
i ssues, and a | egacy node that does not support the new flexi-grid

| abel should not expect to receive or handle such labels. If oneis
incorrectly used in comunication with a | egacy node, it will attenpt
to process it as an expected | abel type with a potentially poor

out cone.

It is possible that a GWLS nessage transitting a | egacy node will
contain a flexi-grid |abel destined for or reported by a renpte node.
For exanple, an LSP that transits |inks of different technol ogies

m ght record flexi-grid labels in a Record Route (bject that is
subsequently passed to a | egacy node. Such labels will not have any
i npact on | egacy inplenentations except as noted in the manageability
consi derations in the next section.

5.2. Manageability Considerations

Thi s docunent introduces no new el enents for managenent. That is,

| abel s can continue to be used in the sanme way by the GWLS protocols
and where those | abels were treated as opaque quantities with | oca

or global significance, no change is needed to the nmanagenent

syst ens.

However, this docunent introduces sone changes to the nature of a
| abel that may require changes to managenent systens. Although
Section 3.2 of [RFC3471] nmkes clear that a | abel is of variable

| ength according to the type and that the type is supposed to be
known a priori by both ends of a link, a managenent systemis not
guaranteed to be updated in step with upgrades or installations of
new flexi-grid functionality in the network.
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But, an inplenentation expecting a 32-bit |anbda | abel would not fai
ungraceful ly because the first 32 bits follow the format of

[ RFC6205]. It would | ook at theses |abels and read but not recognize
the new grid type value. It would then give up trying to parse the

| abel and (presunmably) the whole of the rest of the nmessage.

The managenment system can be upgraded in two steps:

- Firstly, systens that handl e | anbda | abels as 32-bit quantities
need to be updated to handle the increased length (64 bits) of
| abel s as described in this document. These "unknown" 64-bit
| abel s coul d be di spl ayed as opaque 64-bit quantities and stil
add a lot of value for the operator (who m ght need to parse the
| abel by hand). However, an inplenmentation that already supports
| anbda | abel s as defined in [ RFC6205] can safely continue to
process the first 32 bits and display the fields defined in RFC
6205 as before, leaving just the second 32 bits as opaque data.

- Second, a nore sophisticated upgrade to a nanagenent system woul d
fully parse the flexi-grid | abels and display themfield by field
as described in this docunent.

6. Security Considerations

[ RFC6205] notes that the definition of a new | abel encodi ng does not

i ntroduce any new security considerations to [ RFC3471] or [RFC3473].

That statement applies equally to this docunent.

For a general discussion on MPLS and GWLS-rel ated security issues,
see the MPLS/ GWPLS security framework [RFC5920].

7. | ANA Consi derations
I ANA mai ntains the "Generalized Miulti-Protocol Label Switching
(QWPLS) Signaling Paraneters" registry that contains severa
subregistries.

7.1. Gid Subregistry
I ANA has allocated a new entry in this subregistry as foll ows:
Val ue Gid Ref erence

3 I TUT Fl ex RFC 7699

Farrel, et al. St andards Track [ Page 10]



RFC 7699 GWPLS Labels for Flexi-Gid Novenber

7.2. DWM Channel Spacing Subregistry
| ANA has allocated a new entry in this subregistry as foll ows:

Val ue Channel Spacing (GHz) Ref erence

5 6. 25 RFC 7699
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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 nonminal central frequency of the slot is 193.05 THz
- the nom nal central frequency granularity is 6.25 GHz

- the slot width is 50 GHz.

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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Lyndon Ong, Fatai Zhang, and Adrian Farrel.
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Yao Li
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Fatai Zhang
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