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Abstract

The recent updated version of ITU-T [G 694.1] has introduced the
flexible-grid DAWDM t echni que, which provides a new tool that operators
can inplenent to provide a higher degree of network optinization than
is possible with fixed-grid systens. This docunent describes the
extensions to the Link Managenment Protocol (LMP) to negotiate link grid
property between the adjacent DWM nodes before the Iink is brought up
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1. Introduction

The recent updated version of ITU T [G 694.1] has introduced the
flexible-grid DAWDM t echni que, which provides a new tool that
operators can inplenent to provide a higher degree of network
optimzation than is possible with fixed-grid systenms. A flexible-
grid network supports allocating a variabl e-sized spectral slot to a
channel . Flexible-grid DAWDM transni ssion systens can allocate their
channels with different spectral bandw dths/slot w dths so that they
can be optim zed for the bandwi dth requirenents of the particul ar
bit rate and nodul ati on schene of the individual channels. This
technique is regarded to be a pronmising way to i nprove the spectrum
utilization efficiency and can be used in the beyond 100G/ s
transport systens.

Fi xed-grid DWDM systemis regarded as a special case of Flexi-grid
DWM It is expected that fixed-grid optical nodes will be gradually
replaced by flexible nodes and interworking between fixed-grid DWDM
and flexible-grid DADM nodes will be needed as the network evol ves
Additionally, even two flexible-grid optical nodes may have
different grid properties based on the filtering conponent
characteristics, thus need to negotiate on the specific paraneters
to be used during nei ghbor discovery process [draft-ietf-ccanp-
flexi-grid-fwk-00]. This docunent describes the extensions to the
Li nk Managenent Protocol (LMP) to negotiate a link grid property
bet ween two adj acent Flexi-grid nodes before the Iink is brought up

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 RFC 2119 [ RFC2119].

2. Term nol ogy

For the flexible-grid DADM the spectral resource is called
frequency slot which is represented by the central frequency and the
slot width. The defined nomnal central frequency and the slot width
can be referred to [ FLEX- FVW].
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3.

In this contribution, sone other definitions are |isted bel ow

Central frequency granularity: It is the granularity of the allowed
central frequencies and is set to the nultiple of 6.25 GHz.

Slot width granularity: It is the granularity of the allowed sl ot
width, and is set to the multiple of 12.5 GHz.

Tuning range: It describes the supported spectrum slot range of the
swi tching nodes or interfaces. It is represented by the supported
m ni mal slot width and the maxi mnum sl ot wi dth.

Channel spacing: It is used in traditional fixed-grid network to
i dentify spectrum spaci ng between two adj acent channel s.

Requirements for Gid Property Negotiation

3.1. Flexi-fixed Gid Nodes Interworking

Figure 1 shows an exanple of interworking between flexible and
fixed-grid nodes. Node A, B, D and E support flexible-grid. Al

t hese nodes can support frequency slots with a central frequency
granularity of 6.25 Gz and slot width granularity of 12.5 Giz.
Gven the flexibility in flexible-grid nodes, it is possible to
configure the nodes in such a way that the central frequencies and
slot width paraneters are backwards conpatible with the fixed DWM
grids (adjacent flexible frequency slots with channel spacing of
8*6.25 and slot width of 4*12.5 GHz is equivalent to fixed DWDM
grids with channel spacing of 50 GHz).

As node C can only support the fixed-grid DWDM property w th channel
spaci ng of 50 GHz, to establish a LSP through node B, C, D, the
links between Bto Cand Cto D nust set to align with the fixed-
grid values. This link grid property nust be negoti ated before

est abli shing the LSP.

oo+ oo+ oo+ oo+ oo+
| A | _________ | B |:::::::::| C |:::::::::| D +-------- + E |
oot oot oot oot oot

Figure 1 An exanple of interworking between
flexible and fixed-grid nodes

N N N N

Fi xed channel spacing of 50 GHz (Node O
N N N
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| _|
Fl exi -grid (Nodes B, D) 6.25 Gz
Central frequency granularity=6.25 GHz
Slot width granularity=12.5 Gz
Figure 2 Representation of fixed channel spacing
and flexi-grid spectrum sl ot

3.2. Flexible-Gid Capability Negotiation

The updated version of ITUT [G 694.1] has defined the flexible-grid
with a central frequency granularity of 6.25 Gz and a slot width
granularity of 12.5 GHz. However, devices or applications that nake
use of the flexible-grid may not be able to support every possible
slot width. In other words, applications nmay be defined where
different grid granularity can be supported. Taking node G as an
exanpl e, an application could be defined where the central frequency
granularity is 12.5 Gz requiring slot widths being multiple of 25
GHz. Therefore the link between two optical nodes with different
grid granularity nust be configured to align with the | arger of both
granul arities. Besides, different nodes may have different slot

wi dth tuning ranges. For exanple, in figure 3, node F can only
support slot width with tuning change from 12.5 to 100 GHz, while
node G supports tuning range from25 GHz to 200 GHz. The link
property of slot width tuning range for the Iink between F and G
shoul d be chosen as the range intersection, resulting in a range
from25 GHz to 100 GHz.

+-- -+ +-- -+

| FA--mmmemeea - | G|

+-- -+ +-- -+
e e e e oo oo e e e - [ S +
| Unit (GHz) | Node F | Node G |
. . N +
| Gid granularity | 6.25 (12.5) | 12.5 (25) |
s o m e e oo o - B +
| Tuni ng range | [12.5, 100] | [25, 200] |
e e e e oo oo e e e - [ S +

Figure 3 An exanple of flexible-grid capability negotiation

3.3. Summary

In summary, in a DWDM Li nk between two nodes, the foll ow ng
properties can be negoti at ed:
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0 Gid capability: flexible grid or fixed grid DWDM

0 Central frequency granularity: a nultiplier of 6.25 Giz.
0 Slot width granularity: a nmultiplier of 12.5 GHz.

0 Slot width tuning range: two nultipliers of 12.5CGHz, each
i ndicate the mniml and maxi mal slot wi dth supported by a port
respectively.

4. LMP extensions
4.1. Gid Property Subobject

According to [ RFC4204], the LinkSummary nessage is used to verify
the consistency of the link property on both sides of the Iink
before it is brought up. The LinkSumary nessage contains negotiable
and non-negoti abl e DATA LI NK objects, carrying a series of variable-
I ength data itens called subobjects, which illustrate the detail ed
link properties. The subobjects are defined in Section 12.12.1 in

[ RFC4204] .

To solve the problens stated in section 3, this draft extends the
LMP protocol by introducing a new DATA LI NK subobject called "Gid
property", allowing the grid property correlation between adjacent
nodes. The encoding format of this new subobject is as foll ows:

0 1 2 3
01234567890123456789012345678901
B T e e S e i e i i S T S S e S S i o i TR S N
Type | Length | Reserved |
+- - - +- B s i i o I i SIS S S S i &
Gid | .G | SSWG | Mn | Max |
+- - - - B e I e O T ks i e S o o S i sl oI SN

+

+-
I
+-
|
+-

O
+ T+

Type=TBD, Gid property type

Gid:

The value is used to represent which grid the node/interface
supports. Values defined in [ RFC6205] identify DWM [ G 694. 1] and

CWDM [ G 694. 2] . The value defined in [I-D.farrkingel -ccanp-
flexigrid-lanmbda-Iabel] identifies flexible DADM
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. . +
| Reserved | 0 [
. oo - +
| 1TUT DWDM [ 1 [
e e e o Fom e - +
| 1TUT CV\DM [ 2 [
. R +
| Flexible DADM | 3 |
. oo - +
| Future use | 4-16 |
e e e o Fom e - +

C. F.G (central frequency granularity):

For a fixed-grid node/interface, the CF.Gvalue is used to
represent the channel spacing, as the spacing between adjacent
channels is constant. For a flexible-grid node/interface, this field
shoul d be used to represent the central frequency granularity which
is the nmultiple of 6.25 GHz.

s Fomm oo - +
| CF.G(GHz) | Value

Fom e e o Fom oo - +
| Reserved | 0 |
TS Fom e e +
| 100 | 1 |
s Fomm oo - +
| 50 2
Fom e e o Fom oo - +
| 25 | 3 |
TS Fom e e +
| 12.5 | 4 |
s Fomm oo - +
| 6.25 | 5 |
Fom e e o Fom oo - +
| Future use | 6-15 |
TS Fom e e +

SSWG (Slot Wdth Granularity):

It is a positive integer value which indicates the slot width
granularity which is the multiple of 12.5 GHz.

Mn & Max:

Mn & Max indicate the slot width tuning range the interface
supports (as defined in section 2). For exanple, for slot width
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5.

5.

tuning range from25 GHz to 100 Giz (with regard to a node with sl ot
width granularity of 12.5 GHz), the values of Mn and Max shoul d be
2 and 8 respectively. For fixed-grid nodes, these two fields are
meani ngl ess and should be set to zero.

Messages Exchange Procedure
Flexi-fixed Gid Nodes Messages Exchange

To denonstrate the procedure of grid property correlation, the node
shown in Figure 1 is reused. Node B starts sendi ng nessages

0 After inspecting its own node/interface property, node B sends
node C a LinkSunmmary nessage including the MESSAGE ID, TE LINK ID
and DATA LINK objects. The setting and negotiating of MESSAGE | D
and TE link ID can be referenced to [ RFC4204]. As node B
supports flexible-grid property, the Gid and C S. values in the
grid property subobject are set to be 3 and 5 respectively. The
slot width tuning range is from12.5 GHz to 200 GHz. Meanwhi | e,
the N bit of the DATA LINK object is set to 1, indicating that
the property is negotiable.

o When node C receives the LinkSunmary message from B, it checks
the Gid, CS., Mn and Max values in the grid property subobject.
Node C can only support fixed-grid DWM and realizes that the
flexible-grid property is not acceptable for the link. Since the
receiving N bit in the DATA LINK object is set, indicating that
the Gid property of Bis negotiable, node C responds to Bwith a
Li nkSummar yNack contai ning a new Error_code object and state that
the property needs further negotiation. Meanwhile, an accepted
grid property subobject (Gid=2, C S =2, fixed DADM wi th channe
spacing of 50 GHz) is carried in LinkSummaryNack nessage. At
this monment, the N bit in the DATA LINK object is set to O,
indicating that the grid property subobject is non-negotiable.

0 As the channel spacing and slot width of node B can be confi gured
to be any integral nultiples of 6.25 Gz and 12.5 GHz
respectively, node B supports the fixed DWM val ues announced by
node C. Consequently, node B will resend the LinkSunmary nessage
carrying the grid property subobject with values of Gid=2 and
C S. =2.

0 Once received the LinkSummary nessage from node B, node C replies
with a Li nkSummar yACK nessage. After the nessage exchange, the
Iink between node B and Cis brought up with a fixed channe
spaci ng of 50 GHz

In the above nentioned grid property correlation scenario, the node
supporting a flexible-grid is the one that starts sending LM
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messages. The procedure where the initiator is the fixed-grid node
is as follows:

0 After inspecting its own interface property, Node C sends B a
Li nkSummary nmessage containing a grid property subobject with
Gid=2, C.S.=2. The Nbit in the DATA LINK object is set to O
indicating that it is non-negotiable.

0 As the channel spacing and slot width of node B can be configured
to be any integral nultiples of 6.25 Gz and 12.5 Gz
respectively, node B is able to support the fixed DWM par aneters
Then, node B will make appropriate configuration and reply node C
t he Li nkSummar yACK nessage.

o After the nmessage exchange, the |link between node B and Cis
brought up with a fixed channel spacing of 50 Gz

5.2. Flexible Nodes Messages Exchange

To denonstrate the procedure of grid property correlation between to
flexi-grid capabl e nodes, the nodel shown in figure 3 is reused. The
procedure of grid property correlation (negotiating the grid
granularity and slot width tuning range) is simlar to the scenarios
nmenti oned above.

o The Gid, CS., Mn and Max values in the grid property subobject
sent fromnode Fto G are set to be 3,5,1,8 respectively.
Meanwhil e, the N bit of the DATA LINK object is set to 1,
indicating that the grid property is negotiable.

o When node G has received the LinkSummary nessage fromF, it wll
anal yze the Gid, C.S., Mn and Max values in the Gid property
subobj ect. But node G can only support grid granularity of 12.5
GHz and a slotwdith tuning range from25 GHz to 200 Gz
Consi dering the property of node F, node Gthen will respond F a
Li nkSunmmar yNack contai ning a new Error_code object and state that
the property need further negotiation. Meanwhile, an accepted
grid property subobject (Gid=3, C S.=4, Mn=l, Max=4, the slot
width tuning range is set to the intersection of Node F and Q is
carried in LinkSunmaryNack nessage. Meanwhile, the N bit in the
DATA LINK object is set to 1, indicating that the grid property
subobj ect is non-negoti abl e.

0 As the channel spacing and slot width of node F can be configured
to be any integral nultiples of 6.25 Gz and 12.5 Gz
respectively, node F can support the lager granularity. The
suggested slot width tuning range is acceptable for node F. In
consequence, node F will resend the LinkSummary nessage carrying
the grid subobject with values of Gid=3, C S.=4, Mn=1 and Max=4.
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0 Once received the LinkSummary nessage fromnode F, node G replies
with a Li nkSummar yACK nessage. After the nessage exchange, the
I'ink between node F and G is brought up supporting central
frequency granularity of 12.5 GHz and slot width tuning range
from?25 Gz to 100 GHz.

From the perspective of the control plane, once the |inks have been
brought up, wavel ength constraint information can be advertised and

t he wavel ength | abel can be assi gned hop-by-hop when establishing a
LSP based on the link grid property.

6. Security Considerations
TBD.
7. | ANA Consi derations
TBD.
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