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Abst ract

ITUT [G694.1] introduces the flexible-grid DAWDM techni que, which
provi des a new tool that operators can inplenment to provide a higher
degree of network optim zation 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
adj acent DWDM nodes before the Iink is brought up.
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I ntroduction

ITUT [G694.1] introduces the flexible-grid DADM techni que, which
provi des a new tool that operators can inplenment to provide a higher
degree of network optim zation than is possible with fixed-grid
systens. A flexible-grid network supports allocating a vari abl e-
sized spectral slot to a channel. Flexible-grid DADMtransni ssion
systems can allocate their channels with different spectra
bandwi dt hs/ sl ot widths so that they can be optimnm zed for the

bandwi dth requirenments of the particular bit rate and nodul ation
schene of the individual channels. This technique is regarded to be
a promising way to i nprove the spectrumutilization efficiency and
can be used in the beyond 100Ghit/s transport systens.
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1.

3.

3.

Fi xed-grid DWM systemis regarded as a special case of Flexi-grid
DWDM It is expected that fixed-grid optical nodes will be gradually
repl aced by fl exible nodes and interworking between fixed-grid DWM
and flexible-grid DADM nodes will be needed as the network evol ves.
Additionally, even two flexible-grid optical nodes nmay 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 [RFC7698]. This docunment describes the
extensions to the Link Managenent Protocol (LMP) to negotiate a link
grid property between two adjacent nodes before the link is brought

up.
1. Conventions Used in This Docunent

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

Ter i 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 definition of nominal central frequency, nom nal central
frequency granularity, slot width and slot width granularity can be
referred to [ RFC7698].

In this contribution, some definitions are |isted bel ow except those
defined in [ RFC7698]:

Tuning range: It describes the supported spectrum sl ot range of the
swi tching nodes or interfaces. It is represented by the supported
mnimal slot width and the maxi mum sl ot w 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
1. Flexi-fixed Gid Nodes Interworking

Fi gure 1 shows an exanpl e of interworking between flexible and fixed-
grid nodes. Node A, B, D and E support flexible-grid. Al these
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 parameters are backwards conpatible with the fixed DWDM
grids (adjacent flexible frequency slots with channel spacing of
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8*6.25 and slot width of 4*12.5 GHz is equivalent to fixed DWM gri ds
wi th channel spacing of 50 GHz)

As node C can only support the fixed-grid DWDM property w th channe
spacing of 50 GHz, to establish a LSP through node B, C, D, the |inks
between Bto Cand Cto D nust set to align with the fixed-grid
values. This link grid property nust be negotiated before
establishing the LSP

oo+ oo+ oo+ oo+ oo+
| A f-emeeeees | B | | C| | D 4eeeeees +E |
RR—— RR—— RR—— oo+ SR

Figure 1: Interworking between flexible and fixed-grid nodes
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Figure 2: Fixed grid 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 or position. 1In other words, applications may be defined
where only a subset of the possible slot widths and positions are
required to be supported. Taking node Gin figure 3 as an exanpl e,
an application could be defined where the nominal central frequency
granularity is 12.5 Gz (by only requiring values of n that are even)
requiring slot widths being nultiple of 25 GHz (the values of m
SHOULD be even). Therefore the link between two optical node F and G
with different grid granularity nmust be configured to align with the
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I arger of both granularities. Besides, different nodes may have
different slot width tuning ranges. For exanple, in figure 3, node F
can only support slot width with tuning change from12.5 to 100 Gz,
whi |l e node G supports tuning range from25 GHiz 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 from
25 GHz to 100 GHz.

+---+ +---+

| F 4--mmmemaaa - | G|

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

Figure 3: Flexible-grid capability negotiation
Note: we should avoid the use of LMP in the case that a DWDM or Fl ex
port is connected to a CWDM port, for this it is likely to cause the
upgrade of hardware and LMP can not work in a "plug-and-play" way.
3.3. Sunmmary

In summary, in a DWDM Li nk between two nodes, the foll ow ng
properties should be negoti at ed:

0 Gid capability: flexible grid or fixed grid DWM
o Nomi nal central frequency granularity: a nultiplier of 6.25 Giz.
0 Slot width granularity: a multiplier of 12.5 GHz.

o Slot width tuning range: two nultipliers of 12.5GHz, each indicate
the m nimal and maxi mal slot width supported by a port respectively.

And for ports on a link that do not have any grid properties in
common, the link and its properties SHOULD not be adverti sed.

4. Application of Gid Property Negotiation
As described in [ RFC7698], the control plane MAY include support for
nei ghbor discovery such that a flexi-grid network can be constructed

in a "plug-and-play" manner. The control plane SHOULD al |l ow t he
nodes at opposite ends of a link to correlate the properties that
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they will apply to the link. Such a correlation SHOULD i nclude at

|l east the identities of the nodes and the identities that they apply
to the link. As described in this draft, for ports on a link that do
not have any grid properties in common, the link and its properties
SHOULD not be advertised to the PCE or other nodes in the sanme
domain. Especially in the scenario of inter-donmain, LMP can not be
repl aced by some other protocol. For exanple, if Path Conputation

El ement (PCE) or a serial of PCEs coordinate to conpute an end-to-end
pat h which crosses nore than one domain, it should take the inter-
domain grid properties into consideration. G ven the OSPF can not
advertise the attributes of the border device on the other side, the
inter-domain attributes nust be negotiated in advance, otherw se the
end-to-end path may not be set up successfully.

5. LM extensions
5.1. Gid Property Subobject

According to [ RFC4204], the LinkSummary nessage is used to verify the
consi stency of the link property on both sides of the Iink before it

i s brought up. The LinkSummary nmessage contai ns negotiabl e and non-
negot i abl e DATA LI NK objects, carrying a series of variable-length
data itens call ed subobjects, which illustrate the detailed |ink
properties. The subobjects are defined in Section 13.12.1 in

[ RFC4204] .

To neet the requirenents 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 adj acent
nodes. The encoding format of this new subobject is as follows:

0 1 2
012345678901234567890123456789
Bk ol I S S S S i i S i e S

| Type | Length | Gid | CF.G
i i i S I S S S it St N o

[ Mn Wdth [ Reserved [ Max W
B T o g T I S S e T s i e

Figure 4
Type=TBD, Gid property type
Gid: 4 bits

The value is used to represent which grid the node/interface
supports. Values defined in RFC 6205 [ RFC6205] identify DWM
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[G694.1] and CADM [ G 694.2]. The val ue defined in [ RFC7699]
identifies flexible DWDM

Fom e e e oo Fom oo - +
| Gid | Val ue

o e oo Fom e e +
| Reserved | 0 [
B Fomm oo - +
| 1TUT DVWDM | 1 |
Fom e e e oo Fom oo - +
| ITUT QDM [ 2 [
o e oo Fom e e +
| ITUT Flex | 3 [
B Fomm oo - +
| Future use | 4-16 |
Fom e e e oo Fom oo - +

C. F.G (central frequency granularity):

It is a positive integer. |Its value indicates the multiple of 6.25
GHz in terns of central frequency granularity.

SWG (Slot Wdth Ganularity):

It is a positive integer value which indicates the slot wi dth
granularity which is the multiple of 12.5 GHz

Mn Wdth and Max W dt h:

Mn Wdth and Max Wdth are positive integers. Their value indicate
the multiple of 12.5 GHz in terms of the slot width tuning range the
interface supports. For exanple, for slot width tuning range from 25
Gz to 100 GHz (with regard to a node with slot width granularity of
12.5 GHz), the values of Mn Wdth and Max Wdth should be 2 and 8
respectively. For fixed-grid nodes, these two fields are neaningl ess
and shoul d be set to zero.

6. Messages Exchange Procedure
6.1. Flexi-fixed Gid Nodes Messages Exchange

To denonstrate the procedure of grid property correlation, the nodel
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 LinkSunmary nessage including the MESSAGE ID, TE LINK I D and

DATA LINK objects. The setting and negotiating of MESSACE | D and

TE link ID can be referenced to [ RFC4204]. As node B supports
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flexible-grid property, the Gid and CF.Gvalues in the grid
property subobject are set to be 3 (i.e., ITUT Flex) and 1
(i.e.,1*6.25GH) respectively. The slot width tuning range is from
12.5 GHz to 200 GHz (i.e., Mn Wdth=1, Max Wdt h=16). Meanwhile,
the N bit of the DATA LINK object is set to 1, indicating that the
property is negotiabl e.

0o When node C receives the LinkSunmary message from B, it checks the
Gid, CF.G Mn and Max values in the grid property subobject. Node
C can only support fixed-grid DAWDM 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 B is negotiable, node C responds to B with a Li nkSummaryNack
containing a new Error_code object and state that the property of the
interface connected to node B needs further negotiation. Meanwhile,
an accepted grid property subobject (Gid=2, CF.G4, fixed DADMw th
channel 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-negotiabl e.

0 As the channel spacing and slot width of the corresponding
interface of node B can be configured to be any integral nultiples of
6.25 GHz and 12.5 GHz respectively, node B supports the fixed DWDM
val ues announced by node C. Consequently, node B will resend the

Li nkSummary nessage carrying the grid property subobject with val ues
of Gid=2 and C F. G=4.

0 Once received the LinkSummary nessage from node B, node C replies
with a Li nkSummar yACK nessage. After the nessage exchange, the link
bet ween node B and C is brought up with a fixed channel spacing of 50
GHz.

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

o After inspecting its own interface property, Node C sends B a

Li nkSummary nmessage containing a grid property subobject with Gid=2,
C.F.G4. The Nbit in the DATA LINK object is set to 0, 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 GHz and 12.5 GHz respectively,
node B is able to support the fixed DWDM paraneters. Then, node B
wi Il make appropriate configuration and reply node C the

Li nkSummar yACK nessage

Wang, et al. Expi res March 26, 2017 [ Page 8]



Internet-Draft GWLS Flexi-grid LM Sept enber 2016

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

6.2. Flexible Nodes Messages Exchange

To denonstrate the procedure of grid property correlation between two
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.

o0 The Gid, CF.G Mn and Max values in the grid property subobject
sent fromnode Fto G are set to be 3,1,1,8 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
analyze the Gid, CF.G Mn and Max values in the Gid property
subobject. But the corresponding interface of node G can only
support grid granularity of 12.5 Gz and a slotwdith tuning range
from?25 GHz to 200 Giz. Considering the interface property of node
F, node Gwill first match these property with its correspondi ng
interface, and then judge the m snmatch of the property of the link
bet ween node F and G then respond F a LinkSumraryNack containing a
new Error_code object and state that the property need further
negotiati on. Meanwhile, an accepted grid property subobject (Gid=3,
CF.G2, Mn=2, Max=8, the slot width tuning range is set to the
intersection of Node F and G is carried in LinkSunmaryNack nessage.
Meanwhile, the N bit in the DATA LINK object is set to 1, indicating
that the grid property subobject is non-negotiabl e.

0 As the channel spacing and slot width of the corresponding
interface of node F can be configured to be any integral nultiples of
6.25 GHz and 12.5 GHz respectively, node F can support the | ager
granularity. The suggested slot width tuning range is acceptable for
node F. |In consequence, node F will resend the LinkSunmary nessage
carrying the grid subobject with values of Gid=3, CF.G2, Mn=2 and
Max=8.

0 Once received the LinkSummary nessage fromnode F, node G replies
with a Li nkSummar yACK nessage. After the nessage exchange, the link
bet ween node F and G is brought up supporting central frequency
granularity of 12.5 GHz and slot width tuning range from25 GHz to
100 Gz.

From the perspective of the control plane, once the |inks have been
brought up, wavel ength constraint information can be advertised and
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10.

11.

11.

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

| ANA Consi derations
This draft introduces the followi ng new assi gnnments:
LMP Sub- Obj ect O ass nanes:
0 under DATA LINK O ass nane (as defined in [RFC4204])
- Gid property type (sub-object Type = TBD.)
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