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Abstr act

The Link Managenent Protocol (LMP) is defined to manage traffic
engineering (TE) links. In its present form LM focuses on peer
nodes, i.e., nodes that peer in signaling and/or routing. This
docunent proposes extensions to LMP to allow it to be used between a
peer node and an adjacent optical line system (OLS). These
extensions are intended to satisfy the "Optical Link Interface

Requi renment s" described in a conpani on docunent.

1. I nt roducti on

Net wor ks are bei ng devel oped with routers, swi tches, optical cross-
connects (OXCs), dense wavel ength division nultiplexing (DADM
optical line systens (OLSes), and add-drop nultipl exors (ADMVs) that
use a common control plane (e.g., Generalized MPLS (GWLS)) to
dynamical ly provision resources and to provide network survivability
using protection and restoration techni ques.

The Link Managenent Protocol (LMP) is being devel oped as part of the
GWPLS protocol suite to nmanage traffic engineering (TE) |inks
[RFC4204]. In its present form LMP focuses on peer nodes, i.e.
nodes that peer in signaling and/or routing (e.g., OXC-to-OXC, a
illustrated in Figure 1). |In this docunent, extensions to LMP are
proposed to allow it to be used between a peer node and an adj acent
optical line system (CLS). These extensions are intended to satisfy
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the "Optical Link Interface Requirenents" described in [QLI]. It is
assuned that the reader is famliar with LMP, as defined in
[ RFC4204] .

+-- - - + +-- - - + +-- - - + +-- - - +
_____ | [
| OXC1 | ----- | OLS1 | =====| OS2 | ----- | oxc2 |
| | ----- | | | | ----- | |
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N N
| |
oo [ = +

Figure 1: LMP Model

Consi der two peer nodes (e.g., two OXCs) interconnected by a

wavel engt h-nmul tiplexed link, i.e., a DADMoptical link (see Figure 1
above). Information about the configuration of this link and its
current state is known by the two OLSes (OLS1 and OLS2). Allow ng
themto comunicate this information to the correspondi ng peer nodes
(OXC1l and OXC2) via LMP can inprove network usability by reducing
requi red manual configuration and by enhancing fault detection and
recovery.

I nformation about the state of LSPs using the DADMoptical link is
known by the peer nodes (OXCl and OXC2), and allowing themto
conmuni cate this information to the corresponding OLSes (COLS1 and
OLS2) is useful for alarm managerment and link nonitoring. Alarm
managenent is inportant because the adm nistrative state of an LSP
known to the peer nodes (e.g., via the Adnin Status object of GWLS
signaling [ RFC3471]), can be used to suppress spurious alarm
reporting fromthe OLSes

The nodel for extending LMP to OLSes is shown in Figure 2.

oo oo + oo oo + oo oo + oo oo +
| -e-e- | | -e-e- | |

| OXCL | ----- | OLSL | =====| OLS2 | ----- | oxc2 |
| | ---e- | | | | ---e- | |
Fommm + Fommm + Fommm + Fommm +
N N N N N N
|| | | ||

| +---- LMVP- - - - - + S LMVP- - - - - +

| |
oo 1 = +

Fi gure 2: Extended LMP Mbde
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In this nodel, a peer node may have LMP sessions with adjacent OL.Ses,
as well as adjacent peer nodes. 1In Figure 2, for exanple, the OXCl-
OXC2 LMP session can be used to build traffic-engineering (TE) |inks
for GWLS signaling and routing, as described in [RFC4204]. The
OXC1-OLS1 and the OXC2-OLS2 LMP sessions are used to exchange

i nformati on about the configuration of the DADM optical link and its
current state and i nformati on about the state of LSPs using that

l'ink.

The latter type of LMP sessions is discussed in this docunment. It is

important to note that a peer node may have LMP sessions with one or
nore OLSes and an OLS may have LMP sessions with one or nore peer
nodes.

Al t hough there are many sinilarities between an LMP session between
two peer nodes and an LMP session between a peer node and an OLS,
there are some differences as well. The former type of LMP session
is used to provide the basis for GWLS signaling and routing. The
latter type of LMP session is used to augnent know edge about the

I i nks between peer nodes.

A peer node mmintains its peer node-to-COLS LMP sessions and its peer
node-t o- peer node LMP sessions independently. This nmeans that it
MUST be possible for LMP sessions to cone up in any order. In
particular, it MJUST be possible for a peer node-to-peer node LM
session to conme up in the absence of any peer node-to-O.S LMP
sessions, and vice versa.

1.1. Term nol ogy
The key words "MJST", "MJST NOT", "REQUI RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMENDED', "MAY", and "OPTIONAL" in this
docunment are to be interpreted as described in [RFC2119].

The reader is assuned to be famliar with the termnology in
[ RFC4204] .

DWOM Dense wavel ength di vi si on nul tiplexing

OLS: Optical line system

Opaque:
A device is called X-opaque if it examines or nodifies the X
aspect of the signal while forwarding an inconing signal from

i nput to output.

OXC. Optical cross-connect
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Transparent:

As defined in [ RFC4204], a device is called X-transparent if it
forwards incom ng signals frominput to output w thout exani ning
or nodi fying the X aspect of the signal. For exanple, a Frane
Relay switch is network-layer transparent; an all-optical switch
is electrically transparent.

1.2. Scope of LMP-WDM Protoco

Thi s docunment focuses on extensions required for use w th opaque
OLSes. In particular, this docunent is intended for use with O.Ses
havi ng SONET, SDH, and Et hernet user ports.

At the tine of this witing, work is ongoing in the area of fully
transparent wavel ength routing; however, it is premature to identify
the necessary information to be exchanged between a peer node and an
OLS in this context. Nevertheless, the protocol described in this
docunent provides the necessary franework in which to exchange
additional information that is deened appropriate.

2. LMP Extensions for Optical Line Systens

LMP currently consists of four main procedures, of which the first
two are nandatory and the |last two are optional

Control channel managenent
Li nk property correl ation
Li nk verification

Faul t managenent

PP

Al'l four functions are supported in LMP-VDM
2.1. Control Channel Mnagenent

As in [ RFC4204], we do not specify the exact inplenentation of the
control channel; it could be, for exanple, a separate wavel ength,
fiber, Ethernet link, an IP tunnel routed over a separate nanagenent
network, a nulti-hop |IP network, or the overhead bytes of a data
link.

The control channel nmanagenent for a peer node-to-OLS link is the
sanme as for a peer node-to-peer node link, as described in [ RFC4204].

To di stinguish between a peer node-to-O.S LMP session and a peer

node-t o- peer node LMP session, a new LMP-WDM CONFI G obj ect is defined
(CGType = 2). The format of the CONFI G object is as follows:
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Class = 6
o] C Type = 2, LMP-WDM CONFI G
0 1 2 3

01234567890123456789012345678901
T T S T i s L i S S S S S S S e T s

IWAQ (Reserved) |
B e e i o e S e e i S S T e R i ik T TR o S S S e
The Reserved field should be sent as zero and i gnored on receipt.
WM 1 bit

This bit indicates support for the LMP-WDM extensi ons defined
in this docunent.

as: 1 bit
If set, this bit indicates that the sender is an optical line
system (CLS). If clear, this bit indicates that the sender is

a peer node.

The LMP-WDM ext ensions are designed for peer node-to-OLS LMP
sessions. The OLS bit allows a node to identify itself as an O.S or
a peer node. This is used to detect msconfiguration of a peer
node-to- QLS LMP session between two peer nodes or a peer node-to-peer
node LMP session between a peer node and an OLS.

If the node does not support the LMP-WDM extensions, it MJST reply to
the Config nessage with a Confi gNack nessage.

If a peer node that is configured to run LMP-WDM receives a Config
message with the OLS bit clear in LMP-WM CONFI G obj ect, it MJST
reply to the Config nessage with a Confi gNack nessage.

2.2. Link Verification

The Test procedure used with OLSes is the same as described in

[ RFC4204]. The VerifyTransport Mechani sm (i ncluded in the BeginVerify
and Begi nVerifyAck nessages) is used to allow nodes to negotiate a
link verification nmethod and is essential for |ine systens that have
access to overhead bytes rather than the payl oad. The Verifyld
(provided by the renpte node in the BeginVerifyAck nessage and used
in all subsequent Test nessages) is used to differentiate Test
messages fromdifferent LMP Link Verification procedures. In
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addition to the Test procedure described in [RFC4204], the trace
nmonitoring function of [ RFC4207] may be used for link verification
when the OLS user ports are SONET or SDH

In a conbi ned LMP and LMP-WDM context, there is an interplay between
the data |inks being managed by peer node-to-peer node LMP sessions
and peer node-to-OLS LMP sessions. For exanple, in Figure 2, the
OXC1-OLS1 LMP session nanages the data |inks between OXCl and OLS1
and the OXC2-0OLS2 LMP session nanages the data |inks between OXC2 and
OLS2. However, the OXCl- OXC2 LMP session manages the data |inks

bet ween OXCl1 and OXC2, which are actually a concatenation of the data
Il inks between OXCl and OLS1, the DWDM span between OLS1 and O.S2, and
the data |inks between OXC2 and OLS2. It is these concatenated |inks
that conprise the TE links that are advertised in the GWLS TE |ink
st at e dat abase.

The inplication of this is that when the data |inks between OXCl and
OXC2 are being verified, using the LMP link verification procedure,
OLS1 and OLS2 need to nake thensel ves transparent with respect to

t hese concatenated data |links. The coordination of verification of
OXC1l- OLS1 and OXC2-0LS2 data links to ensure this transparency is the
responsibility of the peer nodes, OXCl and OXC2.

It is also necessary for these peer nodes to understand the mappi ngs
between the data |inks of the peer node - OLS LMP session and the
concatenated data |inks of the peer node - peer node LMP session

2. 3. Li nk Sunmari zati on

As in [ RFC4204], the LinkSunmary nessage is used to synchronize the
Interface Ids and correlate the properties of the TE link. (Note
that the term"TE Iink" originated fromrouting/signaling
applications of LMP, and this concept does not necessarily apply to
an OLS. However, the termis used in this docunent to remnain
consistent with LMP term nol ogy.) The LinkSummary nessage i ncl udes
one or nore DATA LINK objects. The contents of the DATA LINK object
consist of a series of variable-length data itens called Data Link
sub- obj ects describing the capabilities of the data |inks.

In this docunent, several additional Data Link sub-objects are
defined to describe additional |ink characteristics. The link
characteristics are, in general, those needed by the CSPF to sel ect
the path for a particular LSP. These link characteristics describe
the specified peer node-to-OLS data link, as well as the associated
DWDM span between the two OLSes
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The format of the Data Link sub-objects follows the format described
in [ RFC4204] and is shown below for readability:

0 1

0123456789012345

R e o T e e S R o o S i S e S S I IR +
| Type | Length | (Sub- obj ect contents)

R s o T S e i T O i i i SRR N +
Type: 8 bits

The Type indicates the type of contents of the sub-object.
Length: 8 bits

The Length field contains the total length of the sub-object in
bytes, including the Type and Length fields. The Length MJST
be at least 4, and MJUST be a nultiple of 4.

The following Iink characteristics are exchanged on a per data link
basi s.

2.3.1. Link Goup ID

The main purpose of the Link Goup IDis to reduce control traffic
during failures that affect many data Iinks. A local ID nmay be
assigned to a group of data links. This ID can be used to reduce the
control traffic in the event of a failure by enabling a single
Channel St at us nessage with the LI NK GROUP CHANNEL_ STATUS obj ect (see
Section 2.4.1) to be used for a group of data |links instead of

i ndi vi dual Channel St atus nessages for each data link. A data link
may be a menber of multiple groups. This is achieved by including
multiple Link Goup I D sub-objects in the LinkSummary nessage.

The Link Goup ID feature allows Link Goups to be assigned based on
the types of fault correlation and aggregation supported by a given
OLS. Froma practical perspective, the Link Goup IDis used to map
(or group) data links into "failable entities" known primarily to the
OS. If one of those failable entities fails, all associated data
links are failed and the peer node is notified with a single nessage.

For exanple, an OLS could create a Link Group for each laser in the
OLS. The data links associated with each |aser would then each be
assigned the Link Group ID for that laser. |If a laser fails, the QLS
woul d then report a single failure affecting all of the data |inks
with a Link Goup ID of the failed |laser. The peer node that
receives the single failure notification then knows which data |inks
are affected. Sinmilarly, an OLS could create a Link Goup ID for a
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fiber, to report a failure affecting all of the data |inks associ ated
with that fiber if a |oss-of-signal (LOS) is detected for that fiber.

The format of the Link Goup ID sub-object (Type = 3, Length = 8) is
as follows:

0 1 2 3

01234567890123456789012345678901
i T o T e e e et o S s S R R SR
| Type | Length | (Reserved) |
B T e o i S I i i S S N iy St S I S S
| Link Goup ID |
e e i i e e T S LR e E e

The Reserved field should be sent as zero and i gnored on receipt.
Link Goup ID: 32 bits

Li nk Goup I D OXFFFFFFFF is reserved and indicates all data
links in a TElink. Al data links are nmenbers of Link G oup
OxFFFFFFFF by default.

2.3.2. Shared Risk Link Goup (SRLG Identifier

This identifies the SRLGs of which the data link is a menber. This
i nformati on may be configured on an OLS by the user and used for
di verse path conputation (see [ RFC4202]).

The format of the SRLG sub-object (Type = 4, Length = (N+1)*4 where N
is the nunber of SRLG values) is as follows:

0 1 2 3
01234567890123456789012345678901
B s T s s e T o e S T ks et s oot ST S S S o S S 3
| Type | Length | (Reserved) |
B T S S e s e i s S i S S S S S S T S SR S S S i S S S
| SRLG val ue #1 |
T T ik e S e e e st i s s s SN R SR
| SRLG val ue #2 |
B s T s s e T o e S T ks et s oot ST S S S o S S 3
/1 /1
B T S S e s e i s S i S S S S S S T S SR S S S i S S S
| SRLG val ue #(N-1) |
B T i i S e e e et i s st s SN R SR
| SRLG val ue #N |
B s T s s e T o e S T ks et s oot ST S S S o S S 3

The Reserved field should be sent as zero and i gnored on receipt.
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Shared Ri sk Link G oup Value: 32 bits
See [RFC4202]. List as many SRLGs as apply.
2.3.3. Bit Error Rate (BER) Estimate
This object provides an estinmate of the BER for the data |ink

The Bit Error Rate (BER) is the proportion of bits that have errors
relative to the total number of bits received in a transm ssion,
usual Iy expressed as ten to a negative power. For exanple, a
transm ssion mght have a BER of "10 to the nminus 13", neaning that,
out of every 10, 000, 000, 000,000 bits transmitted, one bit may be in
error. The BER is an indication of overall signal quality.

The format of the BER Estimate sub-object (Type = 5; Length = 4) is
as follows:

0 1 2 3
01234567890123456789012345678901
i T o T e e e et o S s S R R SR

| Type | Length | BER | (Reserved)
B e s i e e e s i i ST RIE CRIE TR TR TR S T S S S s sl S S S

The Reserved field should be sent as zero and i gnored on receipt.
BER. 8 bits

The exponent fromthe BER representati on descri bed above. That
is, if the BERis 10 to the minus X, the BER field is set to X

2.3.4. Optical Protection

This indicates whether the link is protected by the OLS. This
informati on can be used as a nmeasure of link capability. It may be
advertised by routing and used by signaling as a selection criterion,
as described in [ RFC3471].

The format of the Optical Protection sub-object (Type = 6; Length =
4) is as follows:

0 1 2 3

01234567890123456789012345678901
T T R o o i e S  E  E e e s o i N SR
| Type | Length | (Reserved) | Link Fl ags
B s T s s e T o e S T ks et s oot ST S S S o S S 3

The Reserved field should be sent as zero and i gnored on receipt.
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Link Flags: 6 bits
Encoding for Link Flags is defined in Section 7 of [RFC3471].
2.3.5. Total Span Length

This indicates the total distance of fiber in the OLS. This nay be
used as a routing nmetric or to estinmate del ay.

The format of the Total Span Length sub-object (Type = 7, Length = 8)
is as foll ows:

0 1 2 3

01234567890123456789012345678901
i T o T e e e et o S s S R R SR
| Type | Length | (Reserved) |
B T e o i S I i i S S N iy St S I S S
| Span Length |
e e i i e e i s i

The Reserved field should be sent as zero and i gnored on receipt.
Span Length: 32 bits

This value represents the total length of the WDM span in
neters, expressed as an unsigned (long) integer.

2.3.6. Administrative Goup (Color)
The adninistrative group (or Color) to which the data |ink bel ongs.

The format of the Administrative G oup sub-object (Type = 8, Length =
8) is as foll ows:

0 1 2 3
01234567890123456789012345678901
T T i e i i e T e b s S S SN S
| Type | Length | (Reserved) |
i T e i e e e e e i S s s SR R S
| Adm ni strative G oup |
B T e o i S I i i S S N iy St S I S S

The Reserved field should be sent as zero and i gnored on receipt.
Admini strative Group: 32 bits

A 32-bit value, as defined in [ RFC3630].
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2.4. Fault Managenent

The Fault Managenent procedure used between a peer and an OLS fol |l ows
the procedures described in [RFC4204]; sone further extensions are
defined in this section. The information |earned fromthe OLS-peer
fault nanagenent procedures nay be used to trigger peer-peer LM
fault nanagenent, or may be used to trigger GWPLS signaling/routing
procedures directly.

Faul t managenent consists of three major functions:

1. Fault Detection
2. Fault Localization
3. Fault Notification

The fault detection mechanisns are the responsibility of the
i ndi vi dual nodes and are not specified as part of this protocol

Fault detection nechanisns may include a Bit Error Rate (BER)
exceeding a threshold, and | oss-of-signal (LOS) and SONET/ SDH | eve
errors. It is the responsibility of the OLS to transl ate these
failures into (Signal) OK, Signal Failure (SF), or Signal Degrade
(SD), as described in [ RFC4204].

That is, an OLS uses the nessages defined in the LMP fault

| ocal i zati on procedures (Channel Status, Channel StatusAck,
Channel St at usRequest, and Channel St at usResponse nessages) to inform
the adj acent peer node of failures it has detected, in order to
initiate the LMP fault localization procedures between peer nodes,
but it does not participate in those procedures.

The COLS may al so execute its own fault |ocalization process to allow
it to deternmine the location of the fault along the DWM span. For
exanple, the OLS nmay be able to pinpoint the fault to a particul ar
anplifier in a span of thousands of kiloneters in |ength.

To report data link failures and recovery conditions, LMP-WDM uses
t he Channel St at us, Channel St at usAck, Channel St at usRequest, and
Channel St at usResponse nessages defined in [ RFC4204].

Each data link is identified by an Interface_ ID. In addition, a Link
Group ID nmay be assigned to a group of data |links (see Section
2.3.1). The Link Group ID may be used to reduce the control traffic
by providing channel status information for a group of data links. A
new LI NK GROUP CHANNEL_STATUS object is defined below for this
purpose. This object may be used in place of the CHANNEL_STATUS

obj ects described in [RFC4204] in the Channel Status nessage.
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2.4.1. LINK_GROUP CHANNEL_STATUS Obj ect

The LI NK_GROUP CHANNEL_STATUS obj ect is used to indicate the status
of the data links belonging to a particular Link Goup. The
correlation of data links to Goup IDis made with the Link Group ID
sub- obj ect of the DATA LINK object.

The format of the LI NK GROUP CHANNEL STATUS object is as follows
(Cass = 13, C Type = 4):

0 1 2 3
01234567890123456789012345678901
T T i e i i e T e b s S S SN S
| Link Goup ID |
T T i i e e e e e e S C st o i s i R R S
| Al D Channel Status |
B T e o i S I i i S S N iy St S I S S

|
11

Bl o o e e e e s e i i S S S e S S s

Link Goup ID |
B i s s i S S i S T ai i S SRS S S
D| Channel Status |
s o e i i T i i i S S

~

+— +— +— ~—

T2

Link Goup ID: 32 bits
The Link G oup | D OXFFFFFFFF is reserved and indicates all data
links in a TElink. Al data links are nenbers of the Link
G oup OXFFFFFFFF by default.

Channel Status: 32 bits

The val ues for the Channel Status field are defined in
[ RFC4204] .

Thi s object is non-negotiable.

3. Security Considerations
LMP nessage security uses | Psec, as described in [ RFC4204]. This
docunent only defines new LMP objects that are carried in existing

LMP nessages. As such, this docurment introduces no other new
security considerations not covered in [ RFC4204].
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4. | ANA Consi derations

LMP [ RFC4204] defines the followi ng nanme spaces and the ways in which
| ANA can meke assignments to these nanespaces:

- LMP Message Type

- LWMP nject dass

- LWMP Object dass type (CType) unique within the bject d ass

- LMP Sub-object Oass type (Type) unique within the Oobject d ass
This meno introduces the foll ow ng new assi gnnents:

LMP hj ect C ass Types:

0o under CONFI G cl ass nanme (as defined in [ RFC4204])
- LMP- VDM _CONFI G (CType = 2)

0 under CHANNEL_STATUS cl ass nane (as defined in [ RFC4204])
- LI NK_GROUP (CType = 4)

LMP Sub- Obj ect O ass nanes:

o0 under DATA LINK dass nane (as defined in [ RFC4204])

- Link_Goupld (sub-obj ect Type = 3)
- SRLG (sub-obj ect Type = 4)
- BER Estimate (sub-obj ect Type = 5)
- Optical _Protection (sub-obj ect Type = 6)
- Total _Span_Length (sub-obj ect Type = 7)
- Admnistrative_Goup (sub-object Type = 8)
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